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The Progress of Science 


Xesearch in Technical Colleges 


ut of 57 of the most important of Britain's technical 
‘Jlleges, only 15 carry out an appreciable amount of 
esearch; a further 29 do some research: and at 13 colleges 
10 research at all is done. 

Only about 320 individuals (210 staff and 110 students) 
40 any research, and a large number of them do so as 
ndividuals and are therefore denied the advantage of 
vaving colleagues working on parallel lines. 

These figures emerge from a survey carried out jointly 


?y the Ministry of Education and the Federation of 
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British Industries Research Secretariat. There are in all 
ibout 200 technical colleges in the country, but the sample 
of 57 here considered was chosen in such a way as to give 
it a distinctly favourable bias. It is not likely that the 
remaining 150 colleges would add much to the amount of 
research. 

In a time of overall shortage of scientific manpower, 
the very many technical teachers with research poten- 
lialities form a hitherto unused reserve which should now 
be exploited to the full. They could play a specially 
important part in strengthening that weakest link in 
British science, the link between fundamental research 
and industrial application. Thus the smallness of the 
actual research contribution from technical colleges should 
rause grave concern, and serious exertion to increase it 1s 
equired. 

It does not need much effort to discover the main reason 
why their effective contribution is so far short of the ideal. 
We know of one teacher in a London technical college 
who last year was doing about thirty hours a week teaching, 
including a number of London University courses, in—of 
tll subjects—electronics, where the rate of advance is so 
as that teaching cannot be carried out on a textbook 
basis, but requires the continual consultation of the latest 
lesearch contributions. The thirty hours was actual class- 
loom time, and we should be very surprised if the total 
lime involved, including preparation, amounted to less 
than fifty hours a week. The teacher referred to appears to 
ave research abilities—he was previously employed in 
Ndustrial research—but what hope is there for him to 





combine research with such an overloaded teaching pro- 
gramme? (And for that matter, what hope is there that 
the unfortunate students could be adequately taught by 
so overworked a teacher?) | 

In April 1946, the Ministry of Education issued a circular 
on Research in Technical Colleges. They emphasised the 
importance of increasing the amount of such research, 
both for the sake of the research results and their value to 
industry, and also because the active researcher is on the 
average a better teacher, at least at the more advanced 
levels. But when it came to this vital question of hours 
of work, the outlook of the circular, though showing some 
advance in ideas, does not point the way in any practical 
manner to a great improvement. The superannuation 
conditions under which the teacher works require him 
to give at least 1080 hours’ service a year. Of these, says 
the circular, at least three-fifths must be devoted to ‘actual 
teaching’ —which term, however, includes preparation, 
marking papers and organisation. On the basis of a 
fortv-week year (and for teaching not much more than that 
can be worked efficiently) the teacher is thus required to 
do at least sixteen hours’ teaching a week. 

Sixteen hours a week of teaching leaves a university 
worker with the time to do some research, though in 
general he is not likely to be an effective research worker 
unless his teaching commitments are considerably less. 
The technical college worker, with much poorer equip- 
ment and assistance, and with much smaller opportunities 
for team work or for parcelling out parts of problems to 
research students (note the extremely low ratio of research 
students to staff in the figures quoted at the beginning of 
this note), is likely to find it even more difficult. Sixteen 
hours of teaching must be very near the maximum con- 
sistent with effective research. Nevertheless, if those 
technical teachers who wish to do research could rely on 
having no more than that amount of teaching to do, a 
considerable number of them would find it possible to do 
a moderate amount of useful research. The sixteen hours 
needs to be a-maximum, but the circular itself states only a 
minimum of teaching hours and does not even recom- 
mend that this figure should be aimed at in practice. In 
point of fact, the hours of teaching required by the average 
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This pattern of Tintometer was one of the earliest 
instruments of its kind, dating back to 1910. It was 
used for measuring the colour of petroleum oils. 


technical college are determined, not by the figures laid 
down in Ministry of Education circulars, nor by super- 


annuation conditions, but by the sheer shortage of staff 


—jn other words, largely by lack of the money with which 
to employ an adequate number of teachers. (At the 
present time, of course, there is an absolute shortage of 
such teachers, but this should be only a temporary 
shortage.) 

This crucial financial question was outside the scope 
of the Ministry’s circular, but unless suitable steps are 
taken to increase radically the incomes of technical 
colleges, this circular may as well be thrown away as a 
mass of barren verbiage, utterly incapable of practical 
realisation. The report of the F.B.I..s committee on 
Industrial Research in Technical Colleges (which includes a 
reprint of the Ministry's circular) also fails to tackle this 
problem. It recommends that private industry should 
provide research endowments (and so do in such a way that 
the Local Education Authority is not tempted to cut 
correspondingly its grants), and it assumes that industry 
will pay for research that is of direct use to it. No doubt 
industry will often live up to these expectations. But until 
the problem of finance has been solved, making it possible 
toemploy more teachers and to release sufficient man-hours 
for research, the addition of a few payments for research 
services rendered to industry will not help greatly. 

The F.B.I. committee makes proposals on such matters 
as contacts with research associations, and the attitude 
that industry should take. Dealing with the former, the 
report dismisses the results of the survey in regard to the 
contacts between the fifty-seven colleges sampled and the 
research associations with the laconic phrase “limited and 
spasmodic’, and merely recommends that there should be 
more liaison and that the associations might find it useful 





June, 1947 DISCOVERY 


to place extra-mural contracts with the technical colleges, » 
On the role of industry, it suggests that firms shoul | 
place some of their research with their local college, 
should make gifts of money and gifts or loans of equip. 
ment (which will qualify for income tax reliefs on exactly | 
the same basis as the firm’s own research expenditure), | 
and should arrange for interchange of staff and other 4 
means of improving liaison. These suggestions and others 
made by the committee are admirable, if vague, but we 
can see little hope of improvement arising from them till 
the main problem is solved by the provision of sufficient 
funds to enable the colleges to reduce the,amount of ; 
teaching required from each member of the staff to a level | 
that would both improve the quality of teaching and leave 
time for research. 


The Colour of Beer 


THE germ of scientific control with which Pasteur infected 
the British brewing industry in 1871 (see Discovery, May 
1947, pp. 152-3) may have been the cause of a remarkable 
invention which was made a few years later by the Salisbury 
brewer, Joseph Lovibond. Knowing that the flavour 0’ 
beer bears some relation to its colour and brightness, he 
set about devising a method of control based on the 
measurement of these properties. His first instrument was 
improvised from a tea caddy into which two glasses of 
beer were placed; slots cut in the back and front of the 
caddy allowed the two glasses to be compared critically. 
This simple device was useful for comparative purposes, 
but it did not provide a standard, for no self-respecting , 
beer will tolerate without protest being repeatedly poured 
into glasses and returned to the bottle. It shows its disgust 
of such degrading treatment by losing its sparkle or 
brilliance and becoming flat, cloudy or discoloured. The 
colour of beer depends principally on the careful kilning, 
of the barley in the process of converting it to malt. There 
were, therefore, two problems; the first was to devise a 
method of testing and recording the colour of the malt 
wort, and the other, to provide colour standards for the 
finished beer. 

Solutions of pure chemicals of appropriate colours had 
to be abandoned owing to their instability, but flat 
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A modern Lovibond Tintometer, B.D.H. pattern, 
devised for estimating the vitamin content of cod- 
liver oil. 
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coloured glasses seemed to offer a possible solution, and 
after extensive searches through the bins of several glass 
merchants some suitable amber glasses were found. 
These were available in various intensities of colour and it 
was found that the single specimens of the darker glasses 
could be matched by several thicknesses of the lighter ones. 
This crucial fact allowed a scale of colour to be constructed 
in terms of the number of thicknesses of the lightest glass. 
The original amber scale known as Series 52 which Lovi- 
bond developed is still used by brewers in England and 
the U.S.A. Another series, of a duller brown, was con- 
structed for measurement of the darker and more heavily 
kiined worts. His system rapidly became popular in the 
industry and in many other fields its possibilities were 
recognised. Several arbitrary scales were constructed for 
testing different substances in the sugar, oil and tanning 
industries, but the necessity of finding a new scale or series 
of glasses for each new purpose was a handicap, and 
Lovibond soon realised that a large range of colours could 
be matched by means of suitable combinations of glasses 
from only three series—respectively red, yellow and blue— 
graded in density. After much research suitable glasses 
were Obtained, which when combined together in the 
correct densities appeared grey. 

The instrument in which these glasses were used under- 
went considerable refinement, since careful control of the 
conditions of observation was essential. It eventually 
assumed the form of a box with a viewing tube at one end 
and two rectangular apertures at the other. In front of 
one aperture was placed the sample under test in a 
rectangular vessel, and in front of the other went the glass 
slides which were numbered in units from | to 20. The 
colour of the sample was recorded in terms of the three 
scale numbers required forthe match. 

In 1896 the Tintometer Company was formed to market 
this instrument, which was undoubtedly the first of its 
kind. 

Subsequent developments have been of considerable 
importance. In conjunction with British Drug Houses a 
special instrument for estimating the vitamin A content of 
cod-liver oil was developed, and, with Dr. R. K. Schofield 
of Rothamsted, modifications in the standard instrument 
were devised which enable the results obtained to be 
expressed in terms of an international system of colour 
Specification agreed by the Commission Internationale 
D’Eclairage in 1931. 

The modern scientist in many fields of research owes 
much to the scientific spirit of this nineteenth-century 
brewer, and Lovibond’s tintometer is known and used 
throughout the world. 


The Newton of America 


WHEN the biographers of the early nineteenth century 
poke of ‘The Newton of America’’, they did not refer, as 
ine might nowadays suppose, to Benjamin Franklin; they 
meant David Rittenhouse (1732-96), who is today but 
little known except to those interested in the less trodden 
paths of the history of science. 

If we ignore a few superficial resemblances, such as the 
fact that he ended his life as Director of the U.S. Mint, 
a first glance at Rittenhouse’s scientific achievements 
does little to explain his title. His observations of the 


‘almost completely self-taught. 
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David Rittenhouse (1732-96) 


transit of Venus in 1769, which together with those of 
European astronomers led to the first reasonably good 
estimate of the sun’s distance, were universally acclaimed 
for their accuracy. He discovered one comet, made 
numerous minor astronomical observations and some 
contributions to the technique of astronomical calculation, 
and became famous for his almanac calculations. He 
built planetaria far surpassing any previous models, and 
established the first permanent observatory in America. 
In 1781 he suggested the molecular theory of magnetism, 
but this was probably unknown to the later workers to 
whom credit for the theory is usually attributed. He was 
one of the first, perhaps the first, to make serious observa- 
tions on the familiar diffraction effect observed on looking 
ata distant lamp through a handkerchief; and he went some 
way towards explaining it. He made some of the earliest 
systematic experiments on the electric eel, demonstrating 
as far as was then possible the identity of its ‘influence’ 
with electricity. Add to that a series of observations, acute 
yet not leading to major advances, in such widely divergent 
subjects as lightning conductors, meteorology, the sup- 
posed power of snakes to charm birds, the effect of heat on 
steel springs, the thermal expansion of wood, the nature of 
fossil shells and bones—and we have a record which shows 
that Rittenhouse had a competent and inquiring mind, 
but it does not, even when one makes an allowance for 
American hyperbole, merit the comparison with Newton. 
The reasons why he did deserve this comparison can 
only be appreciated after delving more deeply into the 
details of his career—an investigation that leads to the 
recognition that Rittenhouse was an extreme case of the 
potential genius prevented by circumstances from develop- 
ing his powers to the full. Born a farmer’s son, he was 
At the age of twelve an 








‘Drv ice’ (solid carbon dioxide) can be used to stimulate clouds to deposit rain: at the same time 
the cloud undergoes considerable changes of shape. (Left) View of cloud bank before ‘dry ice’ 


was dropped on it. 


accident put Newton’s Principia into his hands, and by the 
time he was twenty he had completely mastered it. Discon- 
tented with farm work, he set up as a clockmaker, teaching 
himself the trade, building his own workshop on the road- 
side near the farm, and making most of his own tools. Not 
till he was well into his thirties did he begin to enter the 
world of the active philosophers. 

The story so far is not very different from that of many 
others in the eighteenth century. But hardly had Ritten- 
house moved from his clockmaker’s shop beside the farm 
to the intellectual centre of Philadelphia and begun to find 
a little leisure after his day's work was done than the 
beginnings of the American Revolution made far more 
urgent calls on his time. 

Like other Americans with philosophical leanings— 
Franklin and Jefferson being the most obvious examples— 
Rittenhouse had to divert his energies from science to 
politics. He entered politics from the bottom—as a 
member of the committee elected by the mechanics of the 
city to confer with the merchants as to the attitude to be 
taken to the enforced closing of Boston’s port which followed 
the famous Tea Party. The following year, 1775, being 
called to the honour of giving the annual oration of the 
American Philosophical Society, he mixed his discussion 
of astronomical questions with pointed political remarks, 
expressing the hope, for example, that the inhabitants, if 
any, of Mars and Venus could not be reached by “British 
thunder, impelled by thirst of gain”. And, referring to the 
delegates of the thirteen United Colonies then assembled 
in Congress—this was more than a year before the Declara- 
tion of Independence—he asserted that “the future liber- 
ties, and consequently the virtue, improvement in science, 
and happiness of America, were entrusted to this newly 
aggregated body.” In the reference to science lies the key 
to Rittenhouse’s career. However strong might be his 
love for science, he saw that the whole future of American 
science lay with the Revolution. Hence he became a 
leading political figure in Philadelphia, both in the course 
of the Revolution, and, after it had succeeded, in the 


(Right) Nine minutes after release of “dry ice’. 


building of the new American State. During the War of 
Independence he became engineer to the Committee of 
Safety, and in that connexion did work that might well 
entitle him to be called the first ‘backroom boy’—carrying 
out researches on such military problems as the rifling of 
cannon and musket balls, and means of quick casting of 
ordnance. In 1776 he was elected to the convention which 
was to draft the new State constitution. In 1777 he was 
appointed State treasurer and held that post till 1789. He 
served On numerous committees concerned with the con- 
struction of roads and canals, and was himself surveyor 
for many of them, and he also helped to survey the 
boundaries of the State. He held other political and 
official positions too numerous to recount here. Apart 
from the specific appointments he held, he was called on in 
all sorts of ways to apply his scientific knowledge to the 
tremendous task of building the youthful American 
republic—for instance, he helped Jefferson to work out his 
scheme for a new system of weights and measures. 

He also held several offices (and eventually the presi 
dency) of the American Philosophical Society at a time 
when such appointments carried unusually onerous organ 
sational duties. And for a while he added to all this the 
positions of Vice-Provost and Professor of Astronomy in 
the young University of Pennsylvania. 

Every time he saw hopes of freeing himself from public 
duties to devote himself to the science he loved, some new 
and urgent necessity required him to assume another 
responsibility. Thus in 1792, when he had succeeded in 
resigning from all his major public positions, a law was 
passed to establish the first U.S. Mint, and he was named 
as director, his plea of ill-health being overruled by 
Jefferson’s insistence that he was the only man for the 
job. When he resigned that post two years later, he was 


appointed commissioner responsible for inspecting gun- | 
powder stocks and setting standards for the explosive. | 


Only when that task was finished was he permitted to | 


return to science—too late, alas. for ill health marred his 
remaining months of life. 
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(Left) Thirteen minutes after release of ‘dry ice’. (Right) The small ‘anvil’ cloud in this photo- 


graph had formed about seven minutes later. It reached a height of 40,000 feet, whereas the top 
of the cloud bank from which it rose was only 23,000 feet. 


The fact that a man could turn out even a moderate 
amount of good scientific work in the interstices of so busy 
a life is more than a hint that Rittenhouse had the makings 
of a great scientist, and a more detailed examination of his 
work confirms that impression. His contemporaries were 
well aware that they had with them a potential genius. 
And some there were who realised how much they were 
losing in the way of scientific advance by calling on Ritten- 
house for political work. Jefferson in 1778 urged him to 
abandon politics for science: Nobody can conceive that 
nature ever intended to throw away a Newton upon the 
occupations of a crown... I doubt not there are many 
persons equal to the task of conducting government: but 
vou should consider that the world has but one Rittenhouse 
and that it never had but one. But the pressure of events was 
too great. There were not, in fact, so “‘many persons 
equal to the task of conducting government”, and even if 
Jefferson could ask Rittenhouse to return to science in 
1778, he would still find historical necessity forcing him to 
prevent that return in 1792. Moreover, Rittenhouse him- 
self was so conscious of the way in which the future of 
American science (as well as all that was good and pro- 
gressive) was bound up with the solution of current political 
and economic problems that he could not bring himself to 
abandon his public activity until he was sure that he had 
given all he could. 

Thus it comes about that, though his actual scientific 
achievements were not great, Rittenhouse’s potentialities 
were well known, The comparison to Newton need not be 
pushed, but at least he had the makings of a first-class 
scientist. How much did science lose from the fact that 
colonial mismanagement forced so many of America’s 
geniuses to devote themselves to politics instead of to 
activities of more lasting significance? But on the other 
hand, how much did America benefit from the fact that 
so much of the shaping of her early political forms was 
done by men of wide scientific outlook? 

For those who would like to follow up this subject, we 
recommend David Rittenhouse by Edward Ford (Phila- 
delphia, University of Pennsylvania Press: London, Oxford 


University Press, 1946, pp. 226, 15s. 6d.). This book gives a 
vivid picture of the interlocking political and intellectual life 
of the American revolution. But we recommend it with 
certain reservations—the biographer does little to help the 
reader find his way through a tangled tale; his scientific 
knowledge is not always adequate to give a proper back- 
ground to Rittenhouse’s work; while towards the end of the 
book there is the implication that the French Revolution, 
unlike the American, was a mere destructive mob move- 
ment, and thts typifies a certain weakness in political 
interpretation and inevitably puts in a wrong light Ritten- 
house’s keen support for the revolutionaries. 


Artificial Rain 


AMERICAN experiments in which artificial snow was pro- 
duced by ‘seeding’ a cloud with ‘dry ice’ were described 
recently in Discovery (February 1947, pp. 33-34). The 
lay press went to town on the subject, interpreting the 
results of these experiments most optimistically, and in 
some casés so fantastically that it appeared that man, 
who still cannot forecast weather with any great degree of 
certainty, was already in the position of being able to 
manipulate the weather to his considerable advantage. 
(Not even Timothy Shy or Beachcomber attempted to 
apply a corrective, though this would not be difficult by 
taking the idea of weather manipulation to its logical 
conclusion, and following the legal complications which 
might ensue if Farmer A intent on protecting his own crop 
of wheat brought down the rain quota of a whole county 
and ruined the crop of Farmer B.) 

Fantasy apart, however, the experiments hold great 
interest, and so too do some Australian experiments on 
the stimulation of clouds to produce rain described 
recently in Nature (1947, Vol. 159 pp. 489-91). 

The experiments were made by two scientists, E. B. 
Kraus and P. Squires, working in the Radiophysics 
Division of Australia’s Council for Scientific and Industrial 
Research. This Division, has its central laboratory 
Situated in the grounds of the University of Sydney and 
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the experiments were performed near the city. The most 
spectacular results were obtained on February 5 of this 
year. On that day looking inland from Sydney a thick 
layer of cumulus cloud could be seen, with its base at 
11,000 feet and its top at 23,000 feet. Freezing level was 
18,000 feet. A cloud in that layer was selected and at 
13.56 hours a large quantity of granulated ‘dry ice’, 150 Ib. 
to be exact, was dropped on it. Now it is possible to detect 
raindrops by radar if they are big enough and present in 
sufficient numbers, echoes from the myriads of drops 
combining together and registering upon a radar screen, 
and the Australian experimenters were able to watch for the 
formation of raindrops inside the cloud by means of a 
10-centimetre radar set in -the plane which dropped the 
‘dry ice’ and also by means of a 25-centimetre set on a hill 
outside Sydney. Five minutes after the ‘dry ice’ was dropped 
rain echoes from within the cloud were picked up. Whena 
further 150 Ib. of ‘dry ice’ were sprinkled on the cloud these 
echoes grew inintensity. Within twenty-one minutes of the 
start of the experiment heavy rain was seen to be falling 
from the bottom of the cloud. Three-quarters of an hour 
later the aircraft descended to 8000 feet, and by that time 
there was a pillar of rain covering at least twenty square 
miles and reaching the ground. Afterwards farmers 
confirmed the occurrence of an isolated rainstorm. Rain 
echoes were picked up by the ground radar station, which 
was sixty miles or so from the scene of the experiment, 
the first rain echoes being noticed sixteen minutes after 
the ‘dry ice’ was released. These echoes persisted for the 
rest of the afternoon, while no other rain was detected 
within 100 miles of the aircraft. 

Considerable change of shape in the infected cloud 
accompanied the production of rain, and this is illustrated 
in the photographs, which are reproduced here by courtesy 
of the Editors of Nature. 

The Australian experiments seem to offer some support 
for the idea postulated by Bergeron in 1933 that rain falls 
only from clouds which contain both water drops and ice 
crystals. The American worker, Vincent J. Schaefer, 
claims that snow formation can be stimulated by ‘seeding’ 
cloud with hexagonal crystals that serve as nuclei around 
which a snowflake can start to form. If Bergeron’s 
hypothesis is correct, then hexagonal crystals (with the 
exception of ice crystals) which cause artificial snow to 
appear should fail to produce artificial rain. 


Looking for Needles in a Haystack 


THE difficulties of indexing the names and formulae of 
organic chemical compounds has increased steadily with 
the continual addition of new synthetic compounds. In 
the absence of a convenient and systematic nomenclature, 
even the naming of new compounds has lagged behind 
discovery, and as Dr. G. Malcoim Dyson says in the 1m- 
portant new monograph,* in which he suggests a new 
notation, “the indexing of information and the compila- 
tion of reference works have been hampered to such an 
extent that we are nearly a quarter of a century in 
arrears. 

Today it is a long, arduous and dusty job to track down 


* 4 New Notation and Enumeration System for Organic Compounds, 
by Dr. G. Malcolm Dyson (London, Longmans Green, 1947; 
pp. 63. 7s. 6.). 
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in a library the literature on many a compound, and the 
searcher may well be doomed to disappointment at the end, 
for the data he compiles will obviously be incomplete if the 
index with which he works is not complete. The chemist 
stands, however, at the threshold of a new era; a revolution 
in indexing is in prospect, and one can see the day coming 
when it will be possible to put a drawerful of punched cards 
into a high-speed sorting machine and receive, after a 
few seconds, the handful of cards which can be speedily 
decoded to give the data required. Today the chemist may 
spend a very long time in fruitless search for a needle 
buried away in the very untidy haystack which has accumu- 
lated—it can hardly be said to have been erected purpose- 
fully—in recent decades. If the new system of classification 
is adopted, he should be able to find the needle he is 
looking for. 

In October last the Royal Institute of Chemistry of 
Great Britain sponsored a lecture by Dr. G. Malcolm 
Dyson on chemical nomenclature.* Owing perhaps to the 
esoteric nature of the subject, this lecture has caused com- 
paratively litthe comment even amongst chemists, but the 
implications of the system which Dr. Dyson described are 
sO important and far-reaching that this note has been 
written in an attempt to explain in simple terms the basis 
of the system for the benefit of a wider public. 

The first significant attempt to produce an internation- 
ally agreed nomenclature for organic chemistry took place 
in 1892, and as a result what is known as the ‘Geneva 
System’ was evolved. This system is still in use, although 
it has been modified in details. The International Union 
of Chemistry discussed the system in 1930, and recommen- 
dations were made for the elimination of ambiguities and 
inaccuracies which had crept into common use. A very 
clear account of the position was given by Dr. Clarence 
Smith in a lecture to the Chemical Society in 1936, which 
was published in the Society’s Journal in July of that year. 
At that time there was no great difficulty in naming 
aliphatic compounds, that is, compounds consisting of 
straight or branched chains of carbon atoms, but already 
the problem of naming cyclic compounds (in which some 
of the atoms are arranged in rings), or of writing the 
structural formula from the systematic name, had become 
very difficult. Since 1936, not only has the number of 
compounds containing one or more rings increased greatly, 
but also there have been during the war delays in indexing 
the new compounds as these have been discovered. 

Dr. Dyson’s hope is that the new system of nomen- 
clature which he proposes will not only enable all com- 
pounds to be described in detail in a single line of type, 
but will be of such a systematic nature that the most com- 
plicated compounds can be named or sketched by follow- 
ing the comparatively simple rules. 

For naming aliphatic compounds generally, the same 
principles are followed as were laid down by Dr. Smith, 
except that words are omitted. Such compounds are con- 
sidered to be derived from the appropriate paraffin corres- 
ponding to the longest chain of carbon atoms. Substitu- 
ents (e.g. extra chains branching off the main one, 


* This lecture on ““A New Notation for Organic Chemistry and 
its Application to Library and Indexing Problems” was delivered 
by Dr. Dyson, at a joint meeting of the Chemical Society, the Royal 
Institute of Chemistry, the Society of Chemical Indusjry, and the 
Bureau of Abstracts in London. It has been published by the Royal 
Institute of Chemistry. 
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ethylenic linkages, etc.) are denoted by a letter and their 
location by a number. To take a simple case, 


CH,—CH—CH=CH,, is 1 :3-butadiene (Smith) 
and becomes: C4.1,3E. (Dyson) 


In the new notation C4 stands for the butane chain of 
four carbon atoms and E for ethylenic links located at 
carbon atoms | and 3. A variety of other letters is used to 
convey other points of structure, but the final result is to 
give a single line formula which contains a much smaller 
number of symbols than the Smith formula. These new 
‘names’ are at first sight even less readable than the present 
ones, but they have the great advantage that they are com- 
pletely systematic and subdivide a compound into its 
structural elements without ambiguity. 

With ring compounds, the problem of representing a 
two- or three-dimensional structure as a one-line formula, 
and of indexing the structural formulae, or ideographs, is 
comparable with translating Chinese into an occidental 
language. It is not surprising, therefore, to find that the 
principle which is used in Chinese dictionaries has also 
occurred (no doubt independently) to Dr. Dyson. In both 
cases the ideographs are considered to be derived from a 


limited number of fundamental shapes and all ideographs — 


are indexed under these shapes. An important feature of Dr. 
Dyson’s system is that its basis is fundamentally geometric 
and not chemical. All aromatic structures can be derived 
from either a five- or six-membered ring. It is found con- 
venient, however, to proceed a stage further and nominate 
six fundamental standard geometric forms. These are the 
skeletons of cyclopentadiene, benzene, indene, naphthalene, 
phenanthrene and anthracene (see Fig. 1.). All Known 
aromatic compounds and as far as can be foreseen, all 
possible future compounds, contain one of these basic 
skeletons. Each fundamental structure is represented by a 
letter instead of a name. Thus naphthalene is K. Any 
compound which contains a 10-carbon double ring will 
thus be classified (unless it contains a complete phenanth- 
rene or anthracene skeleton) as a K compound. For 
groups of compounds which contain a larger common 
structure sub-fundamentals are specified to condense the 
common part of the formulae, which is then denoted by 
K/, K2, and so forth, whereby the true fundamental is 
not lost sight of. Simple derivatives which are merely, in 
the classical terminology, substituted naphthalenes, will 
have their substituents enumerated, together with their 
location. More complicated substances which contain 
rings fused to the basic skeleton, or bridging it, have hither- 
to been difficult to classify, but another advantage of the 
new system is that the added structure is indicated very 
clearly. When a new ring is formed the added atoms are 
denoted by the letters AC or B, according to whether the 
new ring is predominantly saturated or benzenoid. As 
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an example we can derive the formula of phenanthrene, 
aS coming from naphthalene with a benzenoid ring fused 
along the line 3-4: so that the formula of phenanthrene 
is then K.3-4 B4. The number of atoms required to 
complete the new ring is indicated thus: B4. There are 
many more complicated elements of formulae which have 
be be included in the notation, but these do not appear 
to present any particular difficulties, and are described 
in detail in Dr. Dyson’s monograph mentioned above. 

By adopting the principle of classification of compounds 
according to their molecular shape it becomes much 
easier for a research worker to survey the published work 
on compounds having a particular configuration, regard- 
less of their detailed make-up. At the same time the 
classical grouping of compounds according to their 
derivation is not lost. 

Perhaps the most important advantage of this new 
system is that indexing can be performed. mechanically. 
It is possible to indicate on a punched card these com- 
ponent parts of the molecule, and if.desired also other 
information such as the physical constants of the com- 
pound, references to the literature, etc. A complete 
punched card index of all known compounds would be of 
immense value to research organisations. For example, 
suppose a compound has been prepared from a naturally 
occurring substance of unknown constitution. Analysis 
shows that it contains in the molecule a pyridine ring, two 
acetyl groups and a sulphur atom, and has a refractive index 
of 1:546. In a very short time the card index can be 
machine-sorted to throw out the cards of all known com- 
pounds with these characteristics. To search the literature 
for such compounds would normally be a very difficult 
task, but with a machine the cards can be sorted at the 
rate of several thousand an hour, and a search through 
even the whole catalogue of known organic compounds 
becomes a relatively simple matter. When formulae can 
be indexed on such a basis all the interesting possibilities 
associated with the use of tabulating machinery are opened 
up. For instance, lists of physical properties such as 
melting- and boiling-points, refractive indices, dielectric 
constants, etc., can be compiled mechanically from the 
master index. Dr. Dyson has in view the compilation of an 
up-to-date lexicon of organic chemistry to fill the gap since 
the last supplement to Beilstein was published, and also 
the assembly of international indexes. He believes that the 
problem, which most chemists have felt to be virtually 
insoluble, of catching up with the quarter-century of 
arrears of indexing can be solved with the aid of tabulating 
machinery. He estimates that in ten years’ time indexers 
could take in the slack and draw abreast of the tide of 
published work. If this can be done, the least he can 
expect will be the gratitude of all who know the drudgery 
involved in a conscientious search of the literature. 
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- FiG. 1.—Flowers of primrose are of two kinds: long-styled 
(pin) seen on left; and short-styled (thrum), on the right. The 
two lower flowers have been cut to show the relative positions 

of the stigmas and the anthers. 


Splitting the Gene 





D. LEWIS, Ph.D., B.Sc. 


ORGANISMS living under the hazards of nature owe much 
to their methods of mating; for the adaptability of a 
species depends largely upon the amount of cross-breeding 
that occurs. Devices to procure cross-breeding are almost 
as common and varied as sexual reproduction itself both 
in the animal and plant kingdoms. In animals the most 
common device is the separation of the sexes into male and 
female individuals. The mating between the sexes may be 
restricted in certain ways to attain a further degree of 
cross-breeding. For example, in man the laws of most 
countries discourage a man from marrying his sister or his 
grandmother, and the taboos of the Australian aborigines 
prevent marriages between neighbours. 

In plants, on the other hand, the sexes are rarely sepa- 
rated in individuals; the red campion, Lychnis dioica, and 
asparagus are two of the notable exceptions. Sometimes 
the male and female sex organs are separated in different 
flowers of the same plant, as in the cucumber, but as a 
rule the organs of both sexes are present in the same flower. 
Since mating in plants is done by the rather promiscuous 
methods of bees or wind, restrictions at the mating stage 
cannot be enforced, but physiological restrictions at a later 
stage—fertilisation—frequently operate. These physio- 
logical barriers to self-fertilisation and to certain cross- 
fertilisations are known as incompatibility. This is a 
remarkable method of contraception which has been a boon 


to the plant in giving it the required cross-breeding but 
which proves an awkward complication to the fruit 
grower, who has to rely upon cross-fertilisation for his 
crop. 

Two methods of incompatibility are known in plants. 
The common primrose is an example of one type. If 
flowers of the primrose are ¢xamined, it will be found that 
about half the plants have flowers with the pin-head of 
the pistil clearly visible in the centre of the flower; these 
are called pin plants. The remaining plants have flowers in 
which the pistil, being shorter, is not visible; but a ring of 
five anthers is seen instead; these are known as thrum 
plants. Flowers of the two kinds are illustrated in Fig. 1. 
The pin flower has a long style and low anthers; the thrum 
has a short style and high anthers. 

Charles Darwin found that these differences were 
associated with incompatibility in the following way: 
matings within the same type (i.e. pin mated with pin and 
thrum with thrum produced relatively few seeds), but 
matings between the two types produced an abundance of 
seed. In Primula obconica the incompatibility is stronger: 
very few seeds are produced after incompatible matings. 

The Chinese primrose, Primula sinensis, shows an inter- 
esting change over the last eighty years in the degree of 
incompatibility. Mather and de Winton have demon- 
strated that the fertility of incompatible pollinations in 
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stocks of the present day is double that of 1864. This 
change has been brought about by a gradual process of 
unconscious selection by the growers, who maintain their 
stocks by self-pollination. 

As we shall see later, there are other and more rapid 
ways of changing incompatibility. 

If a style of a thrum or pin flower of Primula obconica 
that has been previously self-pollinated is examined it will 
be found that the pollen-tubes are stopped in their journey 
down the style before they have travelled a few milli- 
metres. But the pollen-tubes in a style that has been cross- 
pollinated with the other type of pollen are not arrested 
and reach the ovary to effect fertilisation. This behaviour 
is shown in Fig. 2. 

The flowers of the purple loosestrife Lythrum show an 
interesting development of the system found in the prim- 
rose, for example, the stamens and styles are of three 
different lengths, long, short and mid, i.e. intermediate. 
Pollination between styles and stamens of the same length 
(such as midx mid, longxlong, and short short) are 
effective, but those between styles and stamens of different 
length (/ong x short), are ineffective and fail to form seeds. 

The second method of incompatibility found in plants 
differs from that described in Primula, because the flowers 
show no differences visible to the naked eye, such as style 
length or anther height. Furthermore, there are not only 
two different mating groups as in Primula but many. 

Examples of this kind of incompatibility are found in 
the sweet cherry (Prunus avium), the apple, the pear, the 
plum and in some species of Evening Primrose (Oenothera). 

If flowers of different varieties of cherries are examined, 
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PIN THRUM 


Fic. 2.—In plants such as Primula obconica which, like 

the primrose have two kinds of flowers, pin and thrum, 

pin pollen will only grow down thrum styles, and 

thrum pollen down pin styles; pollination between 

plants of the same kind fails to give proper pollen- 
tube growth and no seeds are produced. 
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Fic. 3.—Most fruit-trees are self-incompatible, and 
some varieties are also cross-incompatible one with 
another. The plum-tree, of the variety ‘President’. 
has been self-pollinated (/uwer /eft) and cross-pollin- . 
ated with Late Orange (upper right), and the result 
in both cases is no fruit. Pollination with White 
Magnum Bonum (upper left) and Coe’s Golden Drop 
(lower right) represents compatible crosses, which are 
followed by the setting of fruit. (By courtesy of Mr. 
M. B. Crane, F.R.S.) 


no sharply defined differences into two classes of style 
length and anther height can be found. But the research 
work of Mr. M. B. Crane has shown that they all fail to pro- 
duce fruit and seed after self-pollination and after certain 
cross-pollinations, as is illustrated in Fig. 3. This is due, 
as in Primula, to the pollen-tubes failing to traverse the 
full length of the style. 

The inhibition of pollen-tube growth by incompati- 
bility is similar in principle in many different species, but it 
varies in certain details. Fig. 5 shows examples of these 
differences. In the radish the pollen germinates but the 
tubes fail to enter the stigma (Fig. Sa). Incompatible tubes 
in the thrum flowers of Linum burst and loose their cyto- 
plasm almost as soon as they penetrate the stigma (Fig. 
56). In Primula, the tubes penetrate the stigma for a few 
millimetres, but then the tips become swollen and fail to 
grow (Fig. 5c). In the apple the tubes grow three-quarters 
of the way down the style and then become swollen 
(Fig. 5d). 

Why do these incompatible tubes stop growing? We 
can best answer this from what is known about the inheri- 
tance of incompatibility. This was first worked out for 
tobacco by East, an American geneticist, and his interpre- 
tation has since been found to apply to most plants. 
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Fic. 4.—Three pistils of a plant with the incompatibility genes, SI and 
S2, showing the difference between compatible and incompatible 
pollinations. The styles in all three cases is composed of S1S2 tissue. 
A: self-pollinated; all pollen tubes have stopped growing; the pollen is 
incompatible. B: cross-pollination; half the pollen (S1) is incompatible. 
and half (S3) is compatible. C: cross-pollination; all the pollen (S3 


and $4) is compatible. 


In common with most inherited characters, incompati- 
bility is controlled by genes situated in the thread-like 
bodies, the chromosomes. Genes, being a part of the 
chromosomes, are chemical in nature and are probably a 
complex of proteins and nucleotides. They are self-repro- 
ducing, and, like enzymes, initiate chemical reactions in the 
cell. There is one gene that plays a major part in the 
control of incompatibility. This gene, however, has 
variant forms—alleles, as they are called—all of which 
control incompatibility but which differ in their precise 
incompatibility reaction. They can be compared with the 
A.B. blood-group gene in man, in which the different 
alleles all control the production of antigens on the blood 
corpuscles, but the antigen formed is different with each 
variant of the gene. Whereas, however, only three or four 
alleles of this human blood-group gene are known, the 
number of alleles of the incompatibility gene in plants is 
much higher. For example nine have been found in 
cherries, SI, S2, 83... . S9; 45 in Oenothera; 84 in clover: 
and there is reason to believe that more would be found if 
more plants were tested. 

Each of these alleles (variants of this gene) produces 
in the pollen and style specific substances of high molecular 
weight. When the pollen and the style have an incom- 
patibility allele in common, the pollen-tube will not grow 
down the pistil because the substances produced react 
together, adversely affecting pollen-tube growth. Only 
when the pollen carries an allele that is not present in the 
style can the pollen tube grow properly and fertilise the 
egg-cell. 

Now every plant because it contains two sets of chromo- 
somes in its somatic tissue, which of course includes the 
styles, has two incompatibility alleles; the pollen grains, 
being germ cells with one set of chromosomes, have only 
one. The variety of sweet cherry Bigarreau Napoleon has 
alleles S3 and SS: both of these are present in the somatic 
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tissue of the style but half the pollen con- 
tains S3, and the other half SS. Neither of 
these two kinds of pollen is compatible on a 
Napoleon style or on the style of any other 
variety containing S3 and S5. If, however, 
pollen is taken from Early Rivers, which 
contains SI and S2, then all the pollen is 
compatible on Napoleon; with pollen from 
a variety such as Governor Wood, which 
has S3 and S6, then half the pollen is in- 
compatible and half compatible (see Fig. 4). 
In both cases there will be enough com- 
patible pollen to give a full set of seed. 























The Style as a Selective Sieve 


The plant, therefore, makes use of the 
style as a sieve for passing only pollen grains 
that have incompatibility alleles different 
from those in the style. The geneticist can 
make use of this sieve in the study of 
gene mutations. 

Mutations are structural changes of a 
chemical nature in the chromosomes. Some 
mutations involve a relatively large change 
of chromosomal material such as an inter- 
change of parts of different chromosomes; 
other changes, which are too small to be seen under the 
microscope, occur within the genes themselves. Such 
changes in any particular gene happen spontaneously, 
due to unknown causes, at a frequency of about one per 
million cells. 

Now the many different alleles of the incompatibility 
gene that exists in plants have arisen by mutation, therefore 
pollen grains containing incompatibility alleles that have 
undergone mutation, because they will now carry an allele 
different to those in the styles of the same plant, will be 
the only ones capable of passing the stylar sieve in self- 
pollination. For example the Napoleon cherry with S3 
and SS, referred to above, produces in every million 
pollen grains one which does not contain the normal 
S3 or S5 allele but a new one, say Sx. This rare pollen 
grain is able to grow down its own style and produce a 
seed. 

On every stigma of a cherry flower approximately 1200 
pollen grains can be placed, hence the pollination of a 
thousand flowers followed by the testing of the one or two 
plants that result is equivalent to the testing of more than 
a million pollen grains. In Oecenothera the style is even 
more useful and efficient for our purpose, as each style 
(when adequately pollinated) sieves from five to six 
thousand pollen grains. 

One simple experiment shows the possibilities of working 
with really large numbers in the study of mutations. A 
cherry-tree was covered with a pollen-proof cage, a hive of 
bees was introduced into the cage before flowering time, 
and since the activity of the whole hive was confined to this 
one tree the flowers were very thoroughly pollinated. The 
tree was estimated to have fifty thousand flowers. As a 
result of self-pollination performed by the bees, thirty seeds 
were produced. These seeds represent the total spon- 
taneous mutations of the S gene in sixty million gametes. 
To test the spontaneous mutations of a given gene in the 
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Fic. 5.—Incompatibility is due to the pollen tubes failing to reach the ovary. In radish they do not penetrate 

the stigma; in Linum they penetrate but soon burst; in the apple they grow half-way down the style. 

FiG. 5a. (Left).—Section of radish stigma, self-pollinated, showing short swollen pollen tubes, which fail to 
penetrate (* 100). Fic. 56. (Right).—Section of a Primula style, with short tubes ( x 100). 





Fic. 5c.—Section of a thrum style of Linum, showing 
burst pollen tubes ( x 450). 


fruit-fly, Drosophila, on the same scale would take many 
workers many years to perform. 


The Double Structure of the Gene 


What can we learn about the gene from the study of 
these mutations? Apart from finding out the stability of 
different genes, we might find the causes of mutation. We 
can determine, for example, at what stage in the develop- 
ment of a cell are mutations more likely to occur. With 
our species of Oenothera it is possible to count the number 
of compatible pollen tubes in styles after incompatible 
pollination. These compatible tubes contain S alleles that 
have recently undergone a mutation. If one such tube is 





Fic. 5d.—A swollen pollen tube in an apple, self- 
pollinated, showing the nucleus ( x 450). 


found in a style (see Fig. 7) then we know that there was 
Only one mutant pollen grain on the stigma and hence the 
mutation must have occurred at a late stage in the develop- 
ment of this pollen grain. If, say eight pollen tubes are 
found in one style we know that the mutation must have 
occurred in a cell that has three cell divisions to complete 
before pollen grains are formed. 

Now the incompatibility gene mutates more frequently 
during meiosis (the reduction division of the chromo- 
somes), than during mitosis. This is perhaps not surpris- 
ing since meiosis is a much more complicated division 
than mitosis, but such information may give us a clue to 
the cause of mutations, which can be followed up in future 
experiments. 
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mutations within the incompatibility gene can tell us . different 
something about the structure of the gene. know tl 
The plant used is Oenothera organensis: as the result the pros 
of X-radiation given to young flower buds, an ionisation gene, bu 
happened to occur within a particular incompatibility that in 
allele S6. This caused a change resulting in a slightly tide, whi 
different allele which we can call S6'. Pollen carrying this _ all genes 
new allele is able to pass the incompatibility sieve and to If suc’ 
produce seeds and plants after self-pollination. general 
This new S6! allele showed some interesting properties. can see 
When present alone, as it always is, in a haploid pollen advantag 
grain, the pollen was not incompatible on styles carrying biochem 
either S6' or the old S6. Therefore all or a part of the example- 
gene necessary for its activity in the pollen has been genes nc 
inactivated by the ionisation. But this new allele in a style out pre 
together with another allele, say S3, repels pollen-carrying initiate t) 
| S6, and is therefore fully operative. Hence only a part of but two 
& the S6 allele has been destroyed or inactivated by the has a m 
X-radiation and this part can be supplemented by a similar prostheti 
part of the S3 allele. four diff 
Se This shows that the gene is divisible and that destruction lowing tl 
of a part of the gene does not necessarily impair the re- if genes | 
mainder from reproducing and carrying out its normal in this w 
- function. That genes are compound structures has been to find th 
suspected for some time. Thus, as Darlington has stated, more tha 
Fic. 6.—When plant or animal cells are irradiated “we are tempted to see two main processes in the evolution because v 
with X-rays not only may minute changes in the of genes, by reduplication and differentiation. reduplica- in the fru 
genes (mutations) occur, but the chromosomes may be eager ; titi ¢ 1 t h always re 
actually broken. The photograph shows the ten giving a repetition of small units, the polygenes and 
chromosomes of Trillium (a member of the Lily differentiation giving larger molecular products which Even tl 
family), with two fragments at the lower right-hand come into use as development and differentiation proceed.” not witho 
side which have been broken from two of the chromo- But the results of splitting the incompatibility gene by genes lacl 
somes by X-rays. (Photograph and preparation by en tell thine firth th this—th . and mak 
L. F. La Cour.) ys tells us something further than this—they give a 
hint to the nature of the differences between the units that group of 
Since 1927 when Muller found that X-rays were a make up the gene. The difference between the two parts productia 
powerful agent for producing mutations, much has been of the incompatibility gene is rather like the difference Delving 
learnt about the structure of genes and their arrangement between the protein part and the prosthetic group of an may seem 
in the chromosomes. As with the spontaneous changes, enzyme. One part determines the precise nature of the day life, b 
mutations induced by X-rays are frequently accompanied reaction of the gene, i.e. whether it will repel SI or S3, aspect of | 
by breakages in the chromatin threads, but there are many etc. kind of pollen, the other part is a common activator It was 
mutations in which there is no visible change in the or prosthetic group for all the S alleles (see Fig. 8). Just X-rays col 
chromosomes (Fig. 6). as the diphosphopyridine nucleotide is a prosthetic group tion; in ot 
Let us see how just one example of these X-ray induced for several dehydrogenases each of which consists of a compatibl 


x< 


FiG. 7.—The_ incompatibility 


sieve. When incompatible pol- 


: iy aes <a 
. : : “ re 


len is applied to a stigma of 


33 +O) 
6 +) 


Oenothera organensis, the pollen 
produces very short tubes. 
(Left) Occasionally one of these 
pollen grains, as the result of a 


56: —) 


mutation of the incompatibility Foc 
gene, produces a long compat- comp 
ible tube. The photograph shows is diff 
one such pollen tube (YX) whick 
growing down the lower part which 
of the style. This preparation 
was stained with iodine ( x 50). 
(Right) The same thing, under | What he 
higher magnification ( » 300). ' plant Oen 
This preparation was stained anc h 
with cotton blue and iodine, pen Cherric 
which has brought out the j ‘Sms. In f 
starch grains in the pollen tube. ' Produced a 
Whether the 
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different protein. We do not 
know the chemical nature of 
the prosthetic group of the S 
gene, but it is tempting to think 
that in this case too a nucleo- 
tide, which is acommon part of 
all genes, might be involved. 

If such a dual structure is a 
general feature of genes, we 
can see that it has certain 
advantages in the economy of 
biochemical organisation. For 
example—at its simplest—two 
genes normally working with- 
out prosthetic groups can 
initiate two different reactions, 
but two genes each of which 
has a mutually exchangeable 
prosthetic group can initiate 
four different reactions. Fol- 
lowing this line of argument, 
if genes interchange functions 
in this way we should expect 
to find that a gene would have 
more than one function. This appears to be the case 
because when a gene, such as one controlling eye colour 
in the fruit fly, is lost from both chromosomes it nearly 
always results in death of the organism. 

Even the inactivation of but a part of the S gene is 
not without other effects on the plant. Plants with both S 
genes lacking the prosthetic group have pale green leaves 
and make weak growth (Fig. 9). Thus the prosthetic 
group of the incompatibility gene plays some part in the 
production of chlorophyll. 

Delving into the structure of the incompatibility gene 
may seem far removed from cultural practice and every- 
day life, but let us see how this may be used to benefit one 
aspect of our economy—the fruit industry. 

It was stated that the S gene that had been split by 
X-rays could pass the incompatibility sieve in self-pollina- 
tion; in other words the plants carrying this gene are self- 
compatible. 


Fic. 8.—The incompatibility (S) gene appears to be 

composed of two groups, a highly specific part which 

is different for each variant of the gene and an activator 

which is the same for all the variants. The S6! variant, 

which was produced by X-radiation has been split 
between the two parts. 


What has been done in the economically unimportant 
plant, Oenothera, can probably be done in apples, pears 


ang cherries, because genes are fundamental to all organ- 
isms. In fact, many seedlings of these fruits have been 


/ Produced already by the X-ray method. Time will show 
whether these seedlings are self-compatible as the Oenothera 


plants ate. 
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To the fruit grower, self-compatibility—or self-fertility 
as it Is sometimes called—means that he can plant large 
blocks of one variety with its obvious advantages of 
simplifying all the orchard operations. With present-day 
varieties at least two must be interplanted to provide for 
adequate cross-pollination. Varieties differ in their 
nutritional and spraying requirements and their picking 
season, and this complicates handling. Even when the 
precaution of interplanting has been taken and the orchard 
has been well stocked with bees, there is no guarantee that 
the bees will do the necessary cross-pollination. Hive 
bees as individuals, but not as a group, have a bad habit 
of working over an area of flowers which is smaller than a 
medium-sized fruit-tree. Only when they are competing 
one with another for nectar or pollen are individual bees 
compelled to wander from their small areas. Thus in 
cool weather, which often prevails at flowering time, 
when few bees will be flying, self-pollination is the 
rule. If the variety is self-incompatible, a poor crop 
results. 

Varieties also differ in their attractiveness to bees, due 
to differences in concentration of the sugar in the nectar. 
If two interplanted varieties differ in this respect the bees 
pay too little attention to the less attractive variety and 
the crop of both suffers in consequence. 

Again, it is not uncommon for all the trees of one 
variety in an orchard to fail to flower in a particular year. 
In an orchard with two varieties, this means not only a 
crop failure on this variety but also a poor crop on the 
other variety. 

The cultivation of self-compatible varieties would 
eliminate these troubles. 

We have good reason to hope that the splitting of 
the incompatibility gene may be a means of making a 
small increase in economic fruit production. But let us 


not forget that genes can be split not only by X-rays but 
by other types of radiation and that damaging any one of 
the many genes of an organism would give a far from happy 
result, whether it is in a plant or man. 











Darwin’s Finches 


A NEW STUDY SHEDS LIGHT ON THE MECHANISM OF EVOLUTION 





DEREK WRAGGE MORLEY, M.A., F.L.S. 


IN 1835 Charles Darwin visited the Galapagos Islands. 
Later in his account of the voyage (A Naturalist’s Voyage, 
1842), he wrote: “Seeing this gradation and diversity of 
structure in one small, intimately related group of birds, 
one might really fancy that, from an original paucity of 
birds in this archipelago, one species had been taken and 
modified for different ends.”’ Yet it was some time before 
Darwin realised the full importance of his observations 
at Galapagos and developed his theory of evolution and 
natural selection. 

Before Darwin published his work, Alfred Russell 
Wallace lying in bed in Ternate in the Moluccas, suffering 
from a severe attack of intermittent fever, remembered the 
‘positive checks” described by Malthus in his Essay on 
Population. He pondered the question why these “*checks”’ 
of “‘war, disease, famine and the like” should not also act 
on animals as well as on man. If so, the enormously rapid 
multiplication of animals would cause them to be much 
more effective than in man. Then there flashed into the 
mind of Wallace the idea of the survival of the fittest: 
“that the individual removed by these checks must be on 
the whole inferior to those that survived.’ Before the 
next fit of ague, Wallace sketched out his theory and two 
days later posted an enlarged outline of it off to Darwin, 
unaware that the latter had already arrived at a similar 
theory after long consideration of the observations he had 
made during the voyage of the Beagle. 

Wallace’s notes, supplemented by the addition of extracts 
from some of Darwin's manuscript, were published in the 
third volume of the Journal of the Linnean Society in 1858. 
Thus was born the modern theory of evolution and 
natural selection. As the immediate result of Wallace's 
paper, Darwin published in the next year (1859) a shortened 
version of the book which he was preparing, calling it 
The Origin of Species.* 

Since 1859 hundreds of books and papers concerned 
with the problem of evolution have been published. 

The rapid development of our knowledge of genetics, 
and in particular the work of Morgan and his followers, 
of Goldschmidt and of Fisher, has contributed greatly to 
a clearer understanding of the mechanisms of mutation 
and the inheritance of special characters. 

The fossil evidence, coupled as it is with the tracing of 
broad and apparently clear lines of evolutionary develop- 
ment, presents a falsely simple picture of the steady 
development of evolutionary trends from species to 
species, or even from group to group. 

The problem of speciation—that is, the actual develop- 
ment of species—had remained a matter of uncertainty and 
argument. What are the conditions necessary for the 
formation of new species? And what part does natural 
selection play in their evolution? It is fitting that a new and 
important contribution to the answer to these two questions 


* The longer version was never completed in the form originally 
intended. Much of the material was later used in The Descent of Man 
and other books. 


should come from Galapagos. In 1938-9 David Lack, 
who is Director of the Edward Grey Institute of Field 
Ornithology, Oxford, visited the Galapagos Islands in 
order to study the ecology and behaviour of **Darwin’s 
Finches’’—the Geospizinae. The resulting data and some 
of his conclusions have just been published in a small but 
valuable book, entitled Darwin's Finches (Cambridge 
University Press, 1947, pp. 208, 8 plates, 27 figures; 21s.). 

The Galapagos Islands have several times been des- 
cribed in detail. They are a small group of small islands 
(the largest is about 80 miles long) lying on the Equator, 
600 miles from Ecuador (Fig. 2). They are volcanic in 
origin (there is still some volcanic activity) and the fauna 
and flora consist of relatively few species, but they are 





FiG. 1.—Darwin’s finches; male and female of each 
species. About one-fifth iife size. (1) Geospiza magnui- 
rostris. (2) G. fortis. (3) G. fuliginosa. (4) G. difficilis. 
(5S) G. scandens. (6) G. conirostris. (7) Camarhyn- 
chus crassirostris. (8) C. psittacula. (9) C. pauper. 
(10) C. parvulus. (11) C. pallidus. (12) C. heliobates. 
(13) Certhidea olivacea. (14) Pinaroloxias inornata. 
(From Darwin's Finches, by David Lack, C.U.P.). 
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strikingly distinct—for example, one of 
the dominant plants is the prickly pear, 
Opuntia! 

Darwin’s finches are all greyish-brown, 
short-tailed birds with fluffy rump feathers. 
Sometimes the male is distinguished from 
the female by varying degrees of black 
feathering and in one case by having an 
‘orange-tawny’ throat. 

Different authorities vary in the number 
of species and genera in which they place 
the different forms. In his book Lack 
recognises fourteen species (with several 
sub-species) and four genera—Geospiza. 
Camarhyvnchus, Certhidea and Pinaroloxias 
—although agreeing with Swarth (1931) 
that “if they were continental passerine 
birds’ the seven groups that he recognises 
“would unhesitatingly be classified as 
genera’. The main taxonomic differences 
are in the shape and size of the beak (see 
Fig. 1). 

Some of the species are very close to 
one another: three species of Geospiza differ 
only in size and proportions. With only 
two exceptions, the closely related species 
are not separated from each other in 
habitat. There is also considerable overlap 
in song, not only between individuals of 
different species, but also between in- 
dividuals of different genera, while the 
courtship display is the same in all species. 
Yet hybridisation between species “‘is rare, 
if not absent’’, and this was borne out by 
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University. 
TaBLeE I.—ISOLATION IN DARWIN'S FINCHES 
| Degree of Number Endemic sub- 
Island tae of species found 
solation Resid ae 
esident on no other 
Species islands 
anak a" -_ jaialiiailiaelania os FF 
No. y 4 
Cocos Very extreme I I 
Culpepper and Extreme 4 3 75 
Wenman 
Hood Marked 3 2 67 
Tower Marked 4 2 50 
Chatham Moderate ? 24 36 
Abingdon and Moderate Y 3 33 
Bindloe 
Charles Moderate 8 2 25 
Albermarle and Small 10 2 20 
Narborough 
Barrington Small 7 | 14 
James Very slight 10 5 5 
Jervis Very slight 9 0 
Indefatigable Very slight 10 ~~ 0 
Duncan Very slight y _ 0 








The degree of isolation is assessed from the map. In three 
Cases it was considered best to group a pair of islands to- 
ea as they are near each other but distant from all the other 
iSiands. 


On this map of the Galapagos Istands ts given the percentage 
of endemic forms of Darwin’s finches on each island, showing the effect 


of isolation. 


Lack points out that the neighbouring islands provide 
environments that are very similar one to another, and 
therefore one would expect adaptive differences between 
island races to be much smaller than in those separating 
continental species. Yet the contrary is the case not only 
in the finches of Galapagos (see Table I and Fig. 2), 
but also in the sickle-birds of the Hawatian archipelago 
and the finches of Tristan da Cunha and Gough Island. 

Thus it would seem that isolation, and not adaptation, is 
the primary cause of geographical variation in_ birds. 
This is clearly demonstrated within the Galapagos group. 
*"New species’, says Lack, “originate when forms differ- 
entiated in geographical isolation later meet in the same 
region and keep distinct.” 

In Darwin’s finches all closely related species are 
ecologically isolated when they occur together. Food 
habits appear to be closely correlated with beak size and 
shape, and most, if not all, of the resulting ecological 
isolation due to this and other factors probably arose 
during the period of isolation before the species met. But 
is ecological isolation always the prerequisite of the 
existence of two species side by side as Lack suggests? 
This certainly appears to be untrue in quite a number of 
insect species. 

It is of interest that Gloyer’s rule, which states that birds 
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in more humid environments have darker feathers than 
those in drier climates, does not apply to the Geospizinae. 

Examination of the Chapter on Geographical, Ecological 
and Genetic Speciation in Huxley's Evolution, the Modern 
Svnthesis (1942) in the light of Lack’s analysis of the 
evolutionary radiation of Darwin's finches yields inter- 
esting results. Huxley accepts the occurence of ecologically 
adaptive divergence as a primary cause of special variation. 
He states that ““where, however, ecological divergence is 
primary, the range of each divergent group will in general 
constitute a type of regional habitat—all mountains above 
a certain height for ptarmigans, all rocky coastal areas for 
rock pipits—which will not constitute a single geograph- 
ical area, but will be discontinuous.” This criterion in no 
way distinguishes primarily ecological speciation from 
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speciation primarily due to geographical isolation. Did 
the ptarmigan develop its ecological characteristics follov- 
ing geographical isolation and divergence, and then spread 
throughout its present habitat range, or was it isolated by 
ecological divergence and speciation? Either is possible 
on Huxley’s criterion. In many of the cases cited there is 
no definite evidence to support the theory that they were 
isolated by ecological divergence and speciation. May not 
this phenomenon be much less common than is supposed? 
In most-of Huxley’s cases ““you pays your penny and takes 
your choice”. Speciation by geographical isolation | 
leading thence to ecological isolation on the expansion of | 
the distribution is clearly demonstrated to occur, while 
speciation primarily by ecological divergence is more, 
difficult to prove. 





Collision with a 


ON the morning of February 12, 1947, an extremely large 
meteorite fell near the Pacific coast of Siberia—more 
precisely, 30 miles north-east of the village of Kharkovka 
on the upper reaches of the second Khanikheza River. 
The first news of the incident reached Britain last month. 

The meteorite appeared, at a height of 15 to 20 miles, as 
a small, faintly luminous, reddish sphere. By the time it 
had dropped to a height of seven or eight miles, leaving 
behind a trail of reddish-brown smoke visible for over a 
100 miles, its light had grown brighter than that of the 
sun, said eyewitnesses. At about five miles up it appeared 
to burst—with a noise that gave thunderclaps lasting 
four or five minutes and that was heard 50 miles away— 
into dozens of fragments, which fell almost vertically to 
earth. The falling fragments produced craters scattered 
over an area of about one-tenth of a square mile. The 
largest crater was about 25 yards across, and six others 
had diameters of 15 to 20 yards. Some of the craters were 
actually driven into hard rock. 

Preliminary examination of the available data suggests 
that this was a very unusual meteorite. V. G. Fesenkov, 
Chairman of the Meteorite Committee of the Academy 
of Sciences of the U.S.S.R., writing in Moscow News for 
April 25 (from which and from earlier numbers our informa- 
tion is taken), goes so far as to ask, “‘Now, can the Sikhote- 
Alin meteorite be considered as a minor planet that simply 
blundered on the earth?” Perhaps the query will be 
answered by the expedition to the spot which has been 
sent out by the Academy. But meanwhile it is at least 
clear that this meteorite is extraordinary enough to merit 
special study. Its mass seems to have been at least 1000 
tons—and it has been claimed that minor planets of com- 
parable size have been observed, though their orbits 
have never been plotted. The meteoric iron [siderite] of 
this particular meteorite is unusual in that it contains only 
6°. of nickel and no cobalt. 

It seems to have been following the earth in its orbit 
and to owe its velocity of approach almost entirely to 
gravitational attraction. The small velocity—some eight 
miles per second—with which it would thus encounter the 
atmosphere would account for its near approach to earth 
before exploding and for the preservation of so much of its 
mass intact. In this respect it contrasts sharply with the 


Minor Planet? | 


famous Tungus meteorite of 1908, which met the earth in 
head-on collision, and therefore hit the atmosphere at 


some 35 miles per second, so that it completely disinte- | 
grated in the air with an explosion of atomic bomb dimen. | 


sions, which levelled and partly charred the forests for 
hundreds of miles, and whose air wave travelled several 
times round the globe and was recorded at stations in 
several countries. 

Rational knowledge of meteorites is a comparatively late 
development in the history of science. In the eighteenth 
century the very existence of stones that fall from the 
heavens was doubted by the majority of the best natural 
philosophers, the many recorded instances being suspici- 
ously regarded as travellers’ tales—our ancestors were 
frequently much more sceptical than we are apt to remem- 
ber. Their existence was established by a paper read to the 
Royal Society in 1802 by Edward Howard (the same man 
who discovered fulminating mercury). In this paper 
beginning with the non-committal title, “‘Experiments and 
Observations on certain Stony and Metalline Substances, 


which at different Times are said to have fallen to the | 
Earth,” he established the fact that all these bodies had ' 


very similar chemical compositions and mineralogical 
structures, which differed decisively from those of terres- 


trial stones, and thus he was able to convince his con- | 


temporaries that they must have fallen from above. 

It was, however, a long time before any reasonable 
theory of their origin was postulated. Two hypotheses 
shared the greatest popularity for the next decade or so. 


The first, which enjoyed the support of the great Laplace - 


and of Dr. Charles Hutton, was that they were projected 
from lunar volcanoes. Given the existence of the volcanoes, 


which at that time seemed to be established by observation, — 


the velocities of projection required would not be too 
large, as both these gentlemen calculated—Hutton, being 
an authority on ballistics, reduced his answer to the form 
that the force must be four times that usually given to a 


12-pound cannon ball. The second theory, that the stones | 
were synthesised out of the elements of the atmosphere, | 
appears even stranger to us; yet it received the support of | 


such scientists as Sir William Hamilton and William 
Nicholson. And in fact, though there was no evidence for 
it, it was not palpably absurd at a time when the elements 
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One of the greatest meteor craters, three-quarters of a mile in diameter and 550 feet deep. It is 
estimated that some 400 million tons of rock were displaced by the fall of this gigantic meteorite 
in Arizona. 


were being discovered so rapidly that the best chemists 
rejected the idea that they were acquainted with elements 
in any real sense at all, and believed that almost all the 
known ‘undecompounded substances’ would eventually 
be decompounded, perhaps into gaseous elements only. 
This chemical hypothesis seems also to have been favoured 
by the writer of the very racy article on the subject in the 
fifth edition of Encyclopaedia Britannica (1813). The lunar 
volcanoes he regards as rather less plausible. And when 
he came to discuss the views of Chladni, who in 1794 had 
reached (on not very adequate evidence) a remarkable 
anticipation of the modern view, he calls it “still more 
extravagant’, and adds: “That portions of cosmical 
matter are allowed to revolve in space, and to terminate 
their career on the surface of a planet, is a position too 
gratuitous and vague to be readily admitted, but the belief 
of which involves no principle of atheism or impiety, as 
some of Dr. Chladni’s antagonists have unhandsomely 
insinuated.” 

Real astronomical evidence for the correction of these 
ideas was slow in coming. Even ideas tending in the 
correct direction accumulated their weight as much from 
chemical as from astronomical research. Thus Davy 
added a small contribution in 1817 at the end of one of 
those brilliant papers on the nature of flame which arose 
from his work on the safety lamp. “The facts stated in 
Section I,”’ he wrote, ‘“‘show that the luminous appearances 
of shooting stars and meteors cannot be owing to any 
inflammation of e/astic fluids, but must depend on the 
ignition of solid bodies . . . and all the phenomena may 
be explained, if falling stars be supposed to be small solid 
bodies moving round the earth in very eccentric orbits, 
which become ignited only when they pass with immense 
velocity through the upper regions of the atmosphere, and 
if the meteoric bodies which throw down stones with 
explosions be supposed to be similar bodies which contain 
either combustible or elastic matter’—note that the 
orbits are ‘round the earth”. Even as late as 1833, the 
Penny Cyclopaedia (at that period one of the best of its 
kind), in stating Chladni’s theory as the most probable, 
used Davy’s argument as the main evidence, and found it 
necessary to argue at length against the other two hypo- 
theses mentioned above. More surprising still, so late as 
1891—over a quarter of a century after a rational theory 
had been evolved—Chambers’s Encyclopaedia thought it 


necessary to state specifically that there was no good 
evidence for these theories. 

The next step forward took the form of a good dynamical 
explanation of displays of meteors and shooting stars. 
There is even today a lack of strong direct evidence to 
connect these with the meteorites that fall to earth (since 
in general the falls have not coincided in time with the 
great meteor displays). Nevertheless the main progress 
towards the modern view of meteorites, as rather erratic 
minor members of the solar system (and even occasionally 
visitors from outside) which crash on the earth, was made 
from the study of meteor showers. On the night of 
November 12-13, 1833, a truly magnificent display of 
Leonids took place, chiefly visible in North America. It 
was computed that 240,000 must have been visible in nine 
hours. The spectacle aroused tremendous interest. Before 
that time, the fact that meteors appeared to radiate from a 
point of the sky had been occasionally noted (e.g., by 
Humboldt in 1799) but the effective perception of this 
fact was now made by Olmsted and Twining. Olmsted, a 
Yale professor, showed how this appearance implied that 
the bodies were actually approaching the earth on parallel 
tracks. He produced a theory to account for this, and for the 
all-important fact, which historical research revealed 
as soon as interest was aroused, that such meteor showers 
recurred with definite periodic times. His theory involved 
the modern conception of a cloud of varying sized par- 
ticles moving in an elliptical orbit round the sun. 

Olmsted’s hypothesis, though an important conceptual 
advance, was not satisfactory. It involved the curious 
coincidence of a narrow elliptical orbit whose outer end 
just touched the orbit of the earth—a coincidence that 
might reasonably be admitted to explain one set of periodic 
meteor showers, but not more. And once interest had been 
aroused in the subject, further periodic showers were 
quickly discovered, so that the hypothesis had to be aban- 
doned. The next great step was taken by H. A. Newton, 
also of Yale, who indicated certain orbits for the meteors 
which would satisfy the conditions. Unable to decide 
between five possibilities, he indicated a basis on which 
the decision could be made, and the British mathematical 
astronomer, Adams, performed the laborious computations 
which were required to select the true orbit, and thus at 
last to produce a theory of meteors which explained the 
known facts and stood up to the test of prediction. 














Higher coal output coupled with higher efficiency of fuel utilisation is needed to meet Britain’s fuel and 

power needs. Generally accepted estimate of the output required to meet present demands ts 225 million 

tons a year. Output per man-shift in Britain is low, only about a quarter of the American figure. This 

difference can be reduced by the greater use of machinery, in particular machines which simultaneously 
cut and load, such as this Meco-Moore combined cutter and loader. 


Britain’s Fuel Problems 


A SCIENTIFIC STUDY OF THE MEANS OF CLOSING THE FUEL AND POWER ‘GAP'* 





G. E. FOXWELL, D.Sc., F.Inst.P., F.lnst.F. 


BRITAIN’S coal production problem has its roots in the 
historical past. It has two angles—a human angle and a 
material angle. In genesis, the material angle came first. 
The coal was worked originally by small concerns, each 
owning its own area of coal and each independent 
of its neighbours. Labour was poorly paid and worked 
under conditions not to be imagined today, with women 
and children doing heavy work underground. Coal was 
plentiful and very cheap so that even the smallest increase 
in cost would be sufficient to prevent the output from any 
particular mine being sold. Not unnaturally, under these 
conditions mine-owners only brought the best coal to the 
surface and left the poorer qualities and the more difficult 
seams to be mined at a later date or to be lost for ever 
underground. The mining industry thus started in such a 
way that would inevitably lead to difficulties at some 
future date. 

That time has come now and we are reaping the reward 


* Another aspect of the relatively short-term power problem 1s 
the contribution which hydro-electric schemes could make in the 
next decade or so, and an article dealing with this aspect will appear 
in Discovery shortly. 


of past practices—practices that were not then necessarily 
wrong or bad in themselves in the state of conditions and 
knowledge obtaining at that time, but that have led with 
all the inevitability of a Greek drama to those uneconomic 
conditions that were fully explored in the Reid Report 
issued in 1945. Not all of the recommendations of the 
Reid Report are acceptable, but most of them are good. 
In that document, it was pointed out that the British 
mining industry had been for decades in a state of financial 
embarrassment which had prevented major technical 
improvements from being made. Had those improvements 
been made, the condition of the mining industry today 
would be very different. There are many who hold that 
this condition was the result of Government interference 
with the industry in 1914-20 and at other times. On the 
other hand, the haphazard growth of mining companies 
has resulted in unduly small or awkwardly shaped lease- 
holds, in the development of an excessive number of 
mines too small to admit of the best mining practice, and in 
inadequate attention to the conservation of the national 
resources. Undulating and circuitous roadways have 
increased haulage costs underground, so that difficult and 
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drastic reconstruction is needed for the attainment of full 
capacity. Machine mining could have been adopted to a 
greater extent than it has been. All these and many other 
difficulties have caused British mining to become less 
efficient than the mining practice of other countries, with 
the result that we are now faced with a major operation 
to restore the mining industry. 

The cost of coal has risen mainly through increased 
wages. The future is likely to see mining the best-paid 
form of manual labour in the country, and that fact makes 
it plain that the present high cost of coal can only be 
reduced if the output fer man-shift is correspondingly 
increased. That this is not impossible is shown by the 
output per man-shift in other countries. Taking the year 
1936 as representative: the Ruhr, 1-68 tons per man 
employed overall; Holland, 1-80 tons; Poland, 1°81 tons: 
U.S.A., 4:7 tons; Great Britain, 1-18 tons. The U.S.A. 
has exceptional advantages in the form of thick and easy 
seams ideal for heavy machinery. The other countries 
mentioned, however, have conditions similar to those in 
Britain. They all stepped up their output per man-shift 
between 1925 and 1936 to the figures quoted from outputs 
per man-shift similar to or less than the British figure. 
What others can do, we can do. 

Steps are already being taken to achieve this. The con- 
flicting interests of individual colliery companies working 
each area have been merged into compact and unified 
commands of manageable size under the National Coal 
Board. That will enable underground reconstruction to 
be undertaken to work coal reserves more profitably, to 
sink new shafts where needed, to erect central surface 
plants, and in general to carry through a comprehensive 
scheme of reorganisation. The task will take many years 
to complete, but we may expect with each year that passes 
steadily increasing output from each miner employed, 
with figures ultimately reaching those of the Continental 
pits. If the resulting savings in production costs reach the 
consumer, coal will fall in price. But that is the great 
question-mark of the future. 

The human problem remains to be tackled. Between 
1942—the last year under completely private ownership— 
and 1945, the output per man employed fell by fifty tons a 
year in spite of increased mechanisation. This fall was 
accompanied by a striking rise in absenteeism from 6°4°% 
in 1938 to 18-1 °, in the first quarter of 1946. One reason 
for this is the increasing number of older men in the pits 
and on the surface; the average age of employed miners, 
which was 34 in 1931, rose to 40. Poor food, too, probably 
had its effect on stamina. The absence of anything to buy 
with the money earned, and the unwonted payment of 
income tax have been stated to be powerful contributory 
factors. Whatever may be the reason, it is necessary to 
recruit a strong and willing labour force into the pits or no 
material measures will have any substantial effect. 


British Coal Reserves 


The immediate future sees this country faced with the 
problem of securing sufficient coal in the right place, at 
the right time and at the right price. Our great-great- 
grandchildren will find this problem, even if solved now, 
cropping up again in a more extreme form. The result of 
being 10 million tons of coal short of our requirements 
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last winter has proved to the least intelligent how vital 
coal is to our national economy. Without coal we should 
be unable to maintain our industries and as all industry 
throughout the world becomes increasingly mechanised, 
it is Clearly only those nations who have fuel and power 
that can survive as world powers. Any permanent failure 
of our coal reserves must reduce this country within a 
generation to the condition of a small agricultural state, 
supporting only a small population. The length of time 
during which our coal reserves will last is an extremely 
vital statistic for, unless there are vast changes undreamed 
of by us now, that date will set the limit to the length of 
time during which Britain can continue to exist as a world 
power, supporting a population of 45 million people with 
a good standard of living. 

Any estimate of the quantity of coal that can be mined, 
as will be admitted by everyone concerned, contains an 
element of guesswork. The best estimate now available 
is the work of a series of Regional Committees set up in 
1944 by the Minister of Fuel and Power, then Mr. Gwilym 
Lloyd George, to report on the present position and future 
prospects of each of the coalfields. The Coal Survey of the 
Fuel Research Board advised these committees, so that 
their findings are as authoritative as any that we have. 
Because of the uncertainty in the figures, the details will 
here be given in round figures, which, however, are very 
close to the ‘exact’ figures given in the reports. These 
figures are given in Table I. They present a striking 
contrast to the earlier optimistic estimates of past genera- 
tions who believed that British coal would last for 600- 
1000 years. They contain a grave warning to this country 
that our coal policy should be drastically changed. Curi- 
ously enough they have received singularly little attention 
from those who should take heed. 

The figures in Table I are not the total quantities of 
coal in the ground; not all that is in the ground can be 
brought to the surface economically. They are in general 
the coal that is in seams thick enough to warrant mining 
(generally over eighteen inches thick) and are assessed with 
due regard to mining difficulties. The totals represent coal 
that can conceivably be brought to the surface in the 
present state of knowledge. They include in some cases 
‘probable reserves’ that may not be wholly workable even 
if they are present in the quantities believed. 











TABLE I 
Probable Probable Life of coat 
Coalfield total work- vearly reserves 
an nan output (Col. 2/Col. 3) 
FESeCTVCS 
Millions of Millions | on 
tons of tons 
Durham .. 3,000 30 100 
North-West 3,000 20 150 
Kent ” 2,200 10 220 
South Yorks 5,000 35 140 
West Yorks bia 2,000 10 120 
North Midland .. 7,500 50 150 
Scotland 7,500 30 250 
South Wales 8,000 40 200 
—_———- —-- AVERAGE —- 
TOTAL 38,200 225 Lire 170 
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Controlled release of atomic energy was achieved 
for the first time in December 1942, when the first 
atomic pile, seen in this sketch, was operated in 
Chicago. Great hopes have been built on the prospect 
of developing atomic piles for power-generation 
purposes, and it has been estimated in the States a 
75,000-kilowatt atomic energy plant could produce 


power only 25°, dearer than electric power 

from coal. But experts expect that 25 to 50 years 

will elapse before uranium replaces coal to any 
considerable extent. 


An output of 225 million tons would allow for our present 
needs, without allowing anything for export. Should coal 
be exported from this country? Economists and politicians 
who do not know the facts about our coal reserves cry 
aloud for greater exports of coal since for coal we can 
exchange food and merchandise. But since British coal is 
the lifeblood of British industry, should we bring nearer 
the day when we have no coal? 

In 1700, the Industrial Revolution had not started; 
our population was 53 millions; we mined 3 million tons 
of coal in that year. 

In 1781 Watt invented his condensing steam engine: 
during that century the use of coke for smelting iron had 
been discovered: power was being developed: by 1800 we 
mined 10 million tons of coal a year and our population 
had reached 9 millions—‘an unprecedented increase” 
the historians called it. 

We shall not detail the industrial history of the nineteenth 
century save to remind ourselves that our population rose 
to 45 million as our coal output rose to 220 million tons. 
But looking over our shoulders to the date of Watt’s 
invention and then looking forward for a similar period, 
we shall arrive at the year 2113, by which time all the coal 
reserves upon which this great industrial edifice has been 
built will have been used. 


Will Coal be needed for the Future? 


Dazzled by the explosion of the atomic bomb, many 
have declared that it does not matter how we use coal since 
it is already obsolescent and within a generation it will be 
no more needed. In the light of the achievements of 


research, to make forecasts is foolish, and I shall not 
attempt to do so. Certain facts, however, may be pointed 
out. So far as is yet known, the only way of utilising 
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atomic energy commercially is to generate heat in the form 
of hot water or steam. This in turn must be converted 
into electricity. The estimates of the probable use of 
atomic energy necessarily envisage the replacement of 
coal-fired power stations by atomic-energy power stations. 
The thermal efficiency of the generation of electricity from 
coal is low—just over 30°, in the very best conditions, and 
21°. as an average. For thermodynamic reasons, however 
cleverly the engineer designs his plant, that condition must 
remain. Consequently, estimates now being made of the 
cost of producing atomic energy to replace coal inevitably 
compare atomic-energy costs with a use of coal for which 
the thermal efficiency is basically low. 

Only about 125°, of the coal used annually in this 
country is consumed for the generation of power by 
Electricity Supply undertakings. Only when the cost of 
atomic energy becomes far less than the cost of producing 
electricity from coal, will electricity be used to replace coal 
used in industry for heating purposes. A great deal of 
coal must always be required for chemical purposes, 
particularly as a reagent in smelting ores in which the 
carbon, besides supplying heat, acts as a reducing agent. 
There must thus be revolutionary advances in the cost of 
production, and therefore in the methods of production, 
of atomic energy if more than about 10-15°%, of the coal 
now used is to be replaced by uranium. 

The problem is not that of finding an alternative source 
of energy, but of finding an alternate source that provides 
heat as cheaply as coal. If the coal reserves of every nation 
had the same span as our own, the problem would be one 
of adjustment only; but other nations—e.g. Germany, 
Russia, U.S.A.—will still have very plentiful coal reserves 
in the year 2113 when ours will be on the point of exhaus- 
tion. 


The Coal Utilisation Problem 


The only known way of conserving coal is not to use it. 
To hoard it as the Man with one Talent did in the parable 
would lead to the same result as in Biblical days. To 
maintain our standard of life we must use our coal. To 
prolong our coal reserves we must use our coal efficiently. 

An estimate* was made a year ago by Mr. Oliver Lyle 
of the thermal efficiency with which coal is used in this 


TABLE II 
Millions of tons 
Gasworks es =a o 20°9 
Electricity undertakings 24-0 
Water works ... re * 0-4 
Railways - ia is 15-1 
Coke ovens ot ao 20:2 
Collieries bd _ ss 11-1 
Iron and steel industry 10-0 
Engineering industry .. a 4-5 
Other industry 26°5 
Domestic coal: 
House coal a ne 33°6 
Anthracite and boiler fuel 2:2 
Miner’s coal 4: 
173-2 





* Inst. Fuel, Wartime Bulletin; Oct., 1946. 
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‘country. He arrived at the striking conclusion that out of 


ur total consumption of 180 miilion tons, if industry 
nd domestic consumption were to be remodelled in such 
way as to use coal with the maximum thermal efficiency, 
o less than 80 million tons could be saved, and our 
onsumption reduced to about 55° of that which is now 
eeded. 

It has been computed that the work of the Fuel Effici- 
ency Committee of the Ministry of Fuel and Power has 
achieved a reduction of consumption of between 5 and 
10 million tons-a year virtually without the aid of new 
plant. Much remains to be done in this field, as will be 
shown later. The ultimate savings that might be possible 
vill be the result of long-term projects involving consider- 
ble new plant. The urgent need for re-equipment of all 
ndustrial plant and the shortage of materials and labour 
must entail caution in putting forward grandiloquent 
schemes of this character. Nevertheless, if the expenditure 
of money results in increased output and in reduced costs 
+as it will do in view of the high price of coal—re-equip- 
ment to save coal should be put high on the scale of 
priorities. 


How the Coal is Used 


Table Il shows the distribution among consumers of 
the coal used in this country in 1944-5. 

A large proportion of coal consumed in this country 
isused for power generation at works or in power stations 
and for domestic purposes. We shall consider how further 
sonsiderable quantities of coal could be saved without 
‘educing industrial production or domestic comfort. 

In considering the utilisation of coal for power I shall 
draw for much of our data upon Mr. Oliver Lyle’s now 
classic paper ‘Inefficiency’, mentioned above. 

The coal used in a number of industries for power genera- 
jon is taken as shown in Table III. 

When the power has been generated it must still be 
ransmitted to the factory or machine where it is to be 
sed. From the data in the foregoing table the average 
ficiency of distribution is 87%. 

When the power has reached the machine it must be 
ked. The same authority has estimated the efficiency of 











TABLE III 
Coal for Generating Distribution 
INDUSTRY power _ efficiency Loss 
Million - ~ 
tons /0 1s 
Electricity ae 24°1 21 19 
Waterworks .. “a 0-4 11 0 
Collieries 11-1 10 0 
Railways - 13-7 6 0 
Iro and Steel . . i 3-6 7 1 
Tetile Industry: 

Condensing . . es 2772 | 10 | 25 
Back pressure 0-04 49 _ 

“iscellaneous Industries: 
Condensing 2°75 12 | 2 
Back pressure 0:59 61 | 2 
TAL & WEIGHTED — — — 
AVERAGE 59-00 14 a 
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Railway electrification alone could save 9 to 10 million 

tons of coal. It was for lack of that quantity that 

Britain’s industries were brought to a standstill last 
winter. (Southern Railway photograph.) 


use Of power, based on practical experience of machines 
in many industries, as being only 18%. 

Thus the overall efficiency of generation, distribution 

and use of power is only 
14 x 0°87 x 0°18=2-2 %. 

This extremely low efficiency, involving the waste of 
97-8 % of the heat of some 60 million tons of coal requires 
energetic action. There is much that can be done to reduce 
this inefficiency as part of the national programme of 
reconstruction. 

(a) Every possible use should be made of the much 
greater efficiency of back-pressure generation by using 
the exhaust steam for process work or space heating. 
Wherever both power and steam heat are needed, the steam 
should be generated at high pressure and temperature for 
use in power generation and the exhaust steam used for the 
heating processes. In Mr. Lyle’s view there are many 
essentially back-pressure factories, breweries, laundries, 
miik condenseries, distilleries, etc., which do not generate 
power. There are several causes for this. The most 
important is. thermodynamical ignorance resulting in 
incorrect costing (many engineers cost back-pressure steam 
by the adiabatic heat drop which may show their steam 
cost for power to be nearly double what it really is). The 
other is the rates offered by the electricity companies— 
especially the high cost usually quoted for stand-by supplies. 

Too much stress is possibly laid on stand-by supply. 
There are hundreds of mills in the country that have no 
stand-by supply. A small diesel engine will provide 
emergency lighting and essential pumps very cheaply. A 
small steam engine or turbine will provide the process 
factory with week-end current at very little over stand-by 
current cost and has the great advantage that its exhaust 
can be used to keep the whole factory warm. 

From the point of view of national coal conservation, 
every factory that raises steam for process and heating 
should first generate power. Were a sufficient urge present, 
methods of avoiding synchronous hazards would be 
developed—e.g., self-synchronising generators, asynchro- 
nous generators, etc. 
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Many condensing engines are used that are not only 
nationally wasteful but that can hardly pay. 


(6) Arising out of what has just been quoted as Mr. 
Lyle’s view, is there any insuperable practical reason why 
all factories needing steam in considerable amounts should 
not use it first to generate electricity which is fed into the 
grid? The flow of electric current between the grid and 
industry should not be a one-way traffic. When the elec- 
trical industry is nationalised there may well be a complete 
change In policy on this issue. 

(c) For new housing estates a combination of district 
heating with new power stations should be considered. 
District heating is probably only desirable when used in 
conjunction with power generation. A straight thermal 
station does not save fuel as compared with the genera- 
tion of the equivalent heat from coke and gas; a thermal- 
electric station does. 

(d¢) Unnecessary handling of material should be avoided 
by better design and operation of factories. 

(e) There is great scope for power saving in the design of 
machines. It would take us too far into engineering to 
describe ways and means of doing this, but it will be 
sufficient here to quote Mr. Lyle’s view that the efficiency 
of use of power in machines can be increased from 18°, 
to 40",. 

Omitting collieries, railways and iron and steel from 
Table III, Mr. Lyle believes that no less than 21 million of 
the remaining 30,600,000 tons of coal can be saved by 
these measures. 

(f) Continuing our investigation into power usage, the 
present power production on the railways from coal to 
draw-bar pull is given in Table III as 6°, on a coal 
usage of 13,680,000 tons. If all railways were electrified 
and supplied from condensing power stations the efficiency, 
at the train, could reasonably be taken at: generation, 
25°.: distribution—main, 85°,; distribution—local, 85°,: 
overall efficiency at train 18°,. This electrification of the 
railways, with the use of diesel-locomotives for lines 
requiring only light traffic would save 9 million tons of 
coal. (The Weir Committee on electrification estimated a 
saving of 10 million tons.) 

(zg) Collieries, by methods already mentioned—par- 
ticularly under (a)—could probably save 53 million tons of 
coal. Why should not electricity be generated at the 
collieries from coal too poor to bear transport charges 
and supplied to the grid? 

Why should not coal be properly cleaned at the collieries 
instead of wasting fuel in carrying shale and ashes about 
the country? 

(4) For the iron and steel industry, the power produc- 
tion efficiency was taken at 7°,. It is surely not unreason- 
able to assume a 50°, improvement on this, bringing it up 
to 10}°.. Were engine exhausts fed into an accumulator 
and used in an exhaust turbine, the efficiency of power 
production could probably be doubled. In small shops, 
hammer exhaust could usually be used, in winter at any 
rate, for space heating. There would seem good reason to 
expect the iron and steel industry to be capable of improving 
their power efficiency from 7°, to, say, 17%. 

The coal for power was taken at 3,600,000 tons. At 17°, 
instead of 7°<, this would be reduced to 1} million tons, 
showing a saving of, say, 2 million tons. 
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The total power coal saving visualised by Mr. Lyle mayappliances £ 











now be summarised: kupplies can 
Power stations and miscellaneous tons | Among tl 
industries 21,000,000 nd promot 
Railways 9,000,000 mprovemen 
Collieries 5,500,000 eneration— 

Iron and Steel 2,000,000 (1) House 

This al 

37,500,000 peratur 

insulati 

Domestic Heating wet 


A very large quantity of fuel is required for domestie (2) The r 


purposes. The Ministry of Fuel and Power Statistica, fires ha 
Digest gives figures for the year 1944-5 for coal, gas and gas and 
electricity: 30-70°. 
Domestic house coal 33,200,000 tons for a ba 
Anthracite and boiler fuel . 2,200,000 tons (3) Reduc 
Electricity for heating, light- for spac 
ing and cooking .. 11,223 million units ency of 
Gas sold for domestic about 2 
purposes. . - .. 1,170 million therms. mission 
Coke sold for domestic tion for 
purposes (probable figure) 5 million tons is about 

If the overall efficiency of electric power supply fron raw coz 
coal to electricity at consumer's meter be taken as 18°, from the 


the coal used at power stations for supplying domesti (4) Bitumi: 
needs is about 75 million tons. The raw coal equivalenta —_ grate by 
gasworks of the gas and coke used domestically is not fa such as ; 
short of 12 million tons. Thus in round figures the toté. There js lit 
coal consumed for domestic purposes is 55 million tons.tg be used b 

The thermal efficiency with which raw coal is used ffulfiling wint 
domestic purposes is very low indeed. Coal-burnin 
appliances have been designed—perhaps ‘thrown t 
gether’ would be a better description—for times when co: 
was cheap and plentiful. Today much better and mor 
efficient appliances are available, but some incentive | 


Saving for d 
Pre-war stanc 


needed to put them into existing houses. Useful heat 
What should be our domestic fuel policy has been lak Actual hea 
down by the Fuel and Power Advisory Council appointe ©"Y of 
by the Minister of Fuel and Power. Some extracts fron for coal, 
their report Domestic Fuel Policy (H.M.  Stationen ctual he: 
Office) will serve to indicate the views of this authoritativ modern ; 
body: ency, 50 
Our coal is used for domestic heating with a degree 0 
inefficiency which is not even approached in any othe Saving pe 
country in the world. . . . We are using excessive quantitie’ Saving on 


| i <clge* Ee: ving— 
of coal; we are providing inadequate heating in the houses ng— 


we are pouring out masses of soot and tar into the atmo®®St-war stan 
phere. In our view we cannot afford to maintain our lo Useful heat 


standards of heating; we cannot afford to depress an for pre-v 
destroy the life of our cities by smoke pollution; we cann — Struction) 
afford to waste our limited national coal reserves. Useful heat 

And again: Few applications of heat are so wasteful a age for ft 
so inadequate in result as room heating in this country | COnstructi 


. For all appliances for the individu Actual heat 
ency, 50°, 


Consumptio 
million he 
Consumptio 


the open coal fire. . . 
small house smokeless solid fuel burns more efficient 
than bituminous coal, and bituminous coal can never ! 
burnt smokelessly in such appliances. It is therefore ¢ 
fundamental importance entirely to replace bituminol 


coal for use in the individual small house by smokeless fuel’ lent 
We recommend that it should be the policy of the Govert 
ment to replace bituminous coal in all single small how OAL SAVED 
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Ar. Lyle mayapplianc es by smokeless solid fuel as rapidly as adequate 
supplies can be provided at a reasonable price. 
Among the major improvements which will save coal 








onal i promote comfort—and it is recognised that these 

10,000 mprovements cannot all be put into effect within this 

0,000 peeration—ar the following: 

0,000 (1) Houses should be designed to be heated effectively. 
This also entails regarding the house as a low-tem- 

0,000 perature heat-treatment furnace so that adequate 


insulation is provided in the structure to reduce heat 
losses and attention is paid to the effective utilisation 
of whatever heat may be generated. 

for domestig (2) The provision of efficient appliances. Open coal 
er Statistica, fires have an efficiency of about 12-20°%. Modern 
>oal, gas and gas and coke stoves and grates have an efficiency of 





30-70", according to conditions and type the average 
ns for a balanced set of appliances being about 50°%. 
S (3) Reduction or elimination of the use of electricity 


for space heating and hot water supply. The effici- 


1 units ency of electrical generation at power stations being 

_ about 21°,, with further losses in transforming trans- 

therms. mission and utilisation, the efficiency of coal utilisa- 

tion for domestic purposes in the form of electricity 

ns is about 15°,—similar to that of the very inefficient 

supply fron raw coal that received such heavy condemnation 
ken as 18°", from the Fuel and Power Advisory Council. 


ing domesti (4) Bituminous coal should be replaced in the domestic 
equivalenta grate by carbonised fuels and other smokeless fuels, 
ally is notfa = such as anthracite and the Welsh smokeless coals. 


ures the tote. There is little doubt that much solid fuel must continue 
uillion tOns.to be used because of the impossibility of economically 


al is used féfulfilling winter peak demands by gaseous fuel. The policy 
Coal-burnin 


agate > TABLE IV 
res When coe. | : | | 

. ¢ y P ¢ We r hex tin y 
er and més Saving for domestic heating, cooking and water heating 


. incentive Pre-war standards: 

Useful heat per house (average) 
has been lai Actual heat supplied (effici- 
ency of use 23°%—overall 


300 therms 


cil appointet 
ts fron, _ for coal, coke and gas) 1,300 therms 
Stationent Actual heat supplied with 


modern appliances (effici- 


authoritativ’ : 
ency, 50°,) 


600 therms 
h a degree 0 


in any. othe’ 700 therms 


8.400 million therms 
28 million tons 


Saving per house 
‘sive quantities Saving on 12 million houses 
in the houses Saving—coal equivalent 


to the atmos ost- -war Standards: 

ntain our to Useful heat per house (average 
depress at for pre-war housing con- 
on: we cann — Struction) 

Useful heat per house (aver- 
» wasteful av age for modern insulated 
sis country | Construction) 

the individu | Actual heat per house (effici- 
ore efficient _ency, 50% 

can never | Consumption: Total ‘for 12 


560 therms 
‘Ves. 


425 therms 


850 therms 


- therefore «Million houses .. 10,200 million therms 
‘e. bitumina Consumption: Coal equiva- 
nokeless fuel! lent be ie es 34 million tons 





if the Gover 
e small howd OAL SAV ED = 55,000,000 — 34,090,000 = 21,000,000 tons. 
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should be to use coke or smokeless coals for the bulk of 
winter space heating and winter water heating, and gas 
wherever it is available for all-the-year-round cooking, 
laundry and refrigeration, for mild weather and inter- 
mittent space heating and for the whole of the summer 
water heating. The uSe of carbonised fuels has the advan- 
tage that it provides tar products, and other materials. 

The adoption of these policies for all new houses and 
for application as far as possible to existing buildings 
would result, in the author's view, in the reduction of our 
coal consumption for the same amount of heating to about 
one-half of that used today—a saving of at least 27 million 
tons of coal. However, British heating standards are very 
low, and it may well be that the final result will be a great 
improvement in the comfort of our homes with a reduction 
in coal consumed of some 15 million tons (Table I1V— 
based on Foxwell, /. dust. Fuel, XTX, 103). 

Since many pre-war houses were of better construction 
than that taken above for the ‘pre-war’ house, a safe figure 
is regarded as 15 million tons of coal saved. 

Blocks of flats, institutions, etc., are often quite efficient 
and although something can be done in this field, probably 
not more than | million tons of coal could be saved here. 

Much coal is used primarily for space heating. Mr. 
Lyle’s opinion is that “there is hardly a factory in the 
country in which any thought has been given to heat 
conservation. It is possible, at relatively small expense, 
to halve the heat loss from factory buildings.” The saving 
from this cause has been estimated at not less than 5 
million tons of coal a year, and may well be much more. 
A great deal can be done here by insulation. 

Here we shall follow Mr. Lyle’s analysis. By taking a 
few known industries as specimens, he has deduced that 
it would be reasonable to suppose that savings could be 
effected of 35°, of the total of 33,400,000 tons of coal used 
for industrial heating, an aggregate saving of 11,700,000 
tons. The savings possible in the use of industrial coke and 
gas would be less and are put at 20°., but as this includes 
the domestic use to which reference has been made else- 
where, the total figure wil not be so high as that suggested 
by Mr. Lyle; it may well be 3 million tons. 


Mr. Lyle’s figures 
tons coal a year 


Present figures 


TOTAL SAVINGS: 
tons coal a year 








Power 37,500,000 37,500,000 
Domestic fuel 23,000,000 15,000,000 
Non-industrial fuel 1,000,000 1,000,000 
Industrial heat 11,700,000 11,700,000 
Gas and coke 8,000,000 3,000,000 

81,400,000 68,200,000 








While larger coal production at reduced costs must be 
the immediate objective of the National Coal Board, it is 
equally important that every attention should be paid 
to the efficient use of all fuel and power used in this 
country. Our coal reserves are unlikely to last for more 
than 150-200 years. The major possible savings of the 


order of 70 million tons a year require considerable capital 
expenditure on houses, buildings, plant and. equipment. 
They must be made gradually, but every opportunity 
should be taken to put these long-term measures piece- 
meal into practical effect. 


nll —-_ 
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Applied Photography 


-A radiograph of a telephone instrument, 


close to the terminal. 


showing one wire (bottom, 
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GEORGE A. JONES, M.A., A.R.I.C., F.R.P.S. 


THE “Exhibition of Applied Photography ~ 
recently held by Kodak Ltd. in London, 
and subsequently to be shown in other 
parts of Great Britain, showed with 
striking clarity the great range of ways In 
which photography its used industrially 
today. It was the first display for a num- 
ber of years which has attempted to 
show the scope of ‘applied photography . 
and it was particularly interesting to see 
how old ideas had been adapted and new 
ideas introduced as a result of work 
carried out during the recent war. The 
exhibition was designed mainly to show 
typical examples of technical photography 
used for investigation, recording and even 
for production. The bias was necessarily 
towards engineering, but many other 
industries were also represented. 

The methods of using photography, 
other than for artistic effect, can be split 
broadly into two groups: those in which 
illustrations are produced for record, 
demonstration or investigation purposes, 
and those in which the photographic 
material is used as a recording medium 
to enable the eye to see things which the 
retina cannot record. Naturally, these 
groups overlap to some extent, but it Is 
the latter which is usually most widely 
written about, as it includes the more 
spectacular techniques. But this exhibition 
showed clearly that the first group is 
really the more important from the point 
of view of everyday use. 


Document Copying 

While everyone is familiar with the uses 
of photography for ordinary record pur- 
poses, there are many ways in which it Is 
now being utilised which are not so obvi- 
ous. Probably the widest of these ts the 
field of document copying. We have pro- 


yressed from the days of hand-copying of 


letters to the quicker methods of typing 
and duplicating—but where the fastest 
method of recording complicated data 
is required we use photography. Apart 


from speed, it has the added advantages 
of complete accuracy and the possibility 
of considerably reducing bulk. This ts 
always of value for filing, but was of even 
vreater value during the war in the Air- 
vyraph Service, where millions of letters 
were flown across the world in the form 
of tiny 16 mm. film pictures—a modern 
development of the pigeon-post service 





used during the last century at the Siege of 


Paris. (Fig. 3.) 

The number of methods of photo- 
copying available now is considerable and 
different types of equipment exist for 
various purposes. For office work where 
the use of a camera Is unnecessary and 
same-size copies are quite sufficient, a 
reflex process is adequate. In this, the 
photographic paper is placed in contact 
with the material to be copied and the 
sandwich exposed to light through the 
back of the printing paper. 
course, evenly exposed all over but it 
receives an additional exposure opposite 
the white portions of the document owing 
to the light reflected from them, whereas 
the black portions absorb the light. The 
exposure can be controlled so that the 
result, after development, is a paper 
negative from which prints can be made 
in the ordinary way which reproduce the 
original exactly, provided it is clean and 
fairly clear. 


Reproducing Line Drawings in Metal 
During the war, it was found desirable 
to utilise this process for reproducing 
line drawings on sensitised metal to 
an accuracy of a thousandth of an inch 
per foot, or better. This was impossible 
with paper, as it alters in dimensions to a 
considerable extent during subsequent 
processing and with relatively slight 
changes in humidity. It was found 
possible to devise special plates which 
produced an even better negative than 
with paper and, as glass is unaffected by 
processing and does not alter in size 


This is, of 





soundness o 
Which can 

method of | 
All Class I 
whole lengt 
Sound by ra 
Lloyds can | 


with normal variations 0; 
temperature and humidity they wer 
dimensionally stable. These Reflex plate 
were extensively used in copying maps an 
for engineering drawing-office reprodu 
tion. It was found that much greate 
errors were then introduced due 
variations of the dimensions of the origin Tadiography. 
drawing and the final print than by ieourse, also 
reflex negative. This was avoided Side of mode 
making the drawing on white-paintegonurs exan 
sheet metal and making the print o etection of 
photographically sensitised metal. In thig pensive to 
way, large distortions due to changes D sre “people 
humidity were avoided. fi = rad 
The copying of machine drawings fing a 
to photographically sensitised metal heY'@8MOsis 1: 
been used for a variety of purposes but thé eee 
most important application of this is fgROSsible case 
the production of jigs, patterns and moda modern | 


appreciably 


Rom defex 
»with faulty w 
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ups in sheet-metal work, particularly in th gpd of th 
aircraft industry. The standard procedut oom 
€ camera 


is to make full-size, dimensioned, wor 
ing drawings of the parts concerned, whit! 
are then scribed by hand on to the surfa0 
of the metal. Which in turn is cut at 
formed to the final shape. Where mati 
of the parts are required, hand- scribing 
is laborious, expensive and __ possibii 
inaccurate. Photographic reproductia 
on the other hand, has the advantages 
perfectly accurate repetition at a rel 
tively high speed. If the most accurai a = 
true-to-scale copying is required, th. “=-.-< 
Reflex plate can be used as describe: 
above. Often, however, some variation #= 
the scale of the drawing is needed. In sud 
cases a negative is made on a redu 
scale by the use of a specially desig 
copying camera which is also used as 
projector to enlarge the negative to 
size required, the sheets of sensiti 
metal being placed on the copy-board. | 
Metal can be photographically sen 
tised in many ways, as also can plastt 
wood and other materials. For conve 
ence the sensitising process may be carr 
out in or near the workshops just bef 
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Wthe metal is to be used. The best way of 

staining an even sensitised layer of 
ient quality is to employ Transfer 
Sensitising paper. The lacquered surface 
lof the metal is moistened with a solvent 
orender it ‘tacky’ and then the surface of 
paper, also bearing a lacquer layer 
applied in manufacture, is rolled into 
ontact with it. After. a short drying 
riod the backing paper can be stripped 
way leaving the sensitive layer adhering 
mly to the lacquer; the bond is so strong 
hat, after exposure, developing and fixing, 
he resulting, ‘photograph’ can be sawn, 
drilled, bent through a right-angle or 
dge-milled without causing any chipping 
or flaking of the image. Examples of a 
jig, a pattern and a finished part from the 
ail of a Halifax bomber were shown at 
he exhibition. 



















Radiography 
Many examples were displayed of the 
value of radiography in engineering work. 
Such non-destructive testing is invaluable 
nd provides a definite insurance of the 
Soundness of the actual part concerned, 
Which can never be obtained by any 
method of cutting up selected samples. 
All Class | pressure vessels must have the 
1 variations ofhOle length of every weld passed as 
lity they wers0und by radiographic inspection before 
ese Reflex plate Lloyds can issue insurance cover. Exam- 
spying maps an Pies Were shown of porosity in a weld and 
office reproduc? faulty spot-welds, while castings con- 
t much ereate@!ning defects, and electrical equipment 
yduced due »with faulty wiring, showed other aspects of 
ns of the origind*dlography. Medical radiography is, of 
‘int than by thgourse, also widely used on the welfare 
vas avoided pside of modern industry, especially for the 
n white-paintefOuline examination of the chest for the 
g the print pgetection of tuberculosis. It is relatively 
-d metal. In the*Pemsive to carry out routine tests on 
le to changes ;Work-people in factories by the use of 
full-size radiographs, but this has been 
ine drawings jfound unnecessary except where careful 
‘tised metal h@!@8nosis is required. When casual 
purposes but th xamination only is required, to sort out 
on of this ke ossible cases from those clearly healthy, 
terns and modi” modern method is to photograph the 
articularly in th adow of the lungs thrown on a fluores- 
ndard procedut nt screen by the X-rays. A minia- 
ure camera is used and, by the use of 
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Fic. 2.—The Eastman Kodak High-Speed Ciné Camera, capable of 
speeds up to 3000 pictures per second on 16 mm. film. 


automatic equipment, large numbers of 
people can be examined very quickly. 
The ‘miniature radiographs’ are taken on 
35 mm. film in lengths accommodating 
about a hundred at a time. After develop- 
ment they can be examined quickly under 
a lens or projected on to a screen, and 
those lungs showing doubtful character- 
istics can be radiographed again on large- 
size film by the normal method for further 
examination. 
‘Micro-Motion’ Study 

Another aspect of the examination of 
personnel in factory or office is the making 
of ‘micro-motion’ records. Here the ciné 
camera is used to photograph operators 
at work. From the resulting film, their 
movements can be analysed and improved 
methods introduced, which reduce fatigue 
and increase output. At the exhibition, an 








example was shown in which the move- 
ments of a girl gauging roll-film spools 
were analysed and compared with a 
similar analysis of the improved method 
adopted later. The ciné film taken 
(projected as a continuous loop), still 
photographs of the stages of the operation 
and the analysis charts were all shown, 
to illustrate the complete system. Another 
example, from W. H. Smith and Sons, 
showed that such methods could be used 
in the office as well as in the workshop. 
Here the movements of a typist were 
compared when using two. different 
styles of form in her typewriter. Instead 
of utilising a ciné-camera, however, a 
small electric lamp had been fixed to her 
wrist and the camera shutter kept open 
during a full cycle of her work. In this 
way a ‘chronocyclogram’ was produced, 
which showed the movements as white 
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FiG. 4a (top).—Electron diffraction 

pattern of Aluminium. Fic. 46 

(bottom).—Electron diffraction pat- 
tern of Zinc. 


lines on the photograph. The lamp was 
made to flicker at a known rate, thus 
producing a series of dashes from which 
the speeds of movement were deduced. 


High-Speed Photography 


Apart from analysing the movements of 


people, the camera can, of course, analyse 
the movements of even the fastest mach- 
ines and it was used widely during the 
war to examine 
weapons and of projectiles in flight. In 
general, analysis is carried out by taking 
single still photographs or ciné films. In 
in order to record very fast- 
the exposure-time must 
be kept very short. For example, a bullet 
just leaving the rifle barrel needs an 
exposure as short as one-millionth of ¢ 

second to prevent blurring of the cies 
due to movement. In the ciné-camera, 
where large numbers of pictures are taken 
along a length of film, it is not impossible 
to design a rotary shutter capable of gis ne 
fairly short exposures. The design of 

shutter to take individual photographs i is 
another matter, however, as the inertia of 
the blades limits the speed at which it can 
open and close. For still pictures it is 
usual, for this reason, to dispense with a 
shutter and use the camera in a darkened 
room, pictures being taken by means of a 
flash of light of short duration and high 
intensity: where pictures must be taken in 


either case, 
moving objects, 


the performance of 


daylight, a special shutter, which dis- 
penses with moving parts, called a Kerr 
Cell is used in conjunction with such 
flashes. Electric sparks can be produced 
which give flashes as short as one four- 
millionth of a second, but modern methods 
normally utilise flashes from gas-discharge 
tubes which are very nearly as short and 
give many times the intensity of lighting. 
Examples were shown of the shuttle of a 
loom passing through the ‘shed’ formed by 
the warp threads, of the mixture of fuel 
and air being drawn into the cylinder of an 
internal combustion engine and of oil 
droplets flying off the periphery of 
spinning disc. 

In the ciné-camera a high linear film 
speed is required as well as a_ short 
exposure-time for each picture. This pro- 
duces an ultra-slow-motion effect when 
the film is projected; for example, at a 
camera speed of three thousand pictures 
per second the motion appears about two 
hundred times slower on the screen than 
it really is. Two films showing the analysis 
of razor-blade wrapping machines and 
bolt-making machines were projected at 
the exhibition. 

Another important use of photography 
is aS a recorder of information. It 1s 
often useful, for instance, to record the 
traces on the screens of cathode ray 
oscillographs. They may be there only 
for a minute fraction of a second, but 
the photographic film can record it for 
subsequent examination. This use of 
photography is of particular value when 
records of instrument dials have to be 
made under conditions where manual 
records would be difficult or tedious. 
Such conditions arise, for instance, when 
counter dials in telephone exchanges or 
on meters have to be recorded over long 
periods. On the other hand, in an air- 
craft under test there are usually many 
indicators which have to be read and it 


FIG. 5. 


Micro-motion study 
ciné camera while at work examining and gauging roll-film spools. 
an analysis of such films, new and more efficient methods can be worked out. 
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may be impossible for the pilot to observe: 
and remember or note them, even if he ig 
unaffected physically by the conditions. 
of test. The dials concerned are dupli- 
cated, the second set being placed inside 
an ‘auto-observer’ which also contains 
a ciné-camera and the necessary lighting 
The camera can be controlled to run a 
various speeds, usually fairly slowly, anc? % 
can be stopped and started electricall : ¥ 
from the cockpit. As many as thir 
dials can be recorded simultaneou 
without trouble and the resulting recor 
when analysed, used to give a complet 
picture of all aspects of the performance; 
of the aircraft. 









(a) The 


S| 


Aerial Photography 

A camera controlled somewhat similarly 
is used in aircraft to record the ground 
below, though it uses a larger size of film, 
Aerial photographs became so common 
place during the war that all but the most 
exceptional seemed boring, but the peace 
time applications of aerial surveying are 
quite different. In newly developed or 
severely bombed districts the camera can 
be used to record wartime destruction 
and fresh building of roads and houses 
while in other less populated parts of the &, 


world it can be used for mapping an anil 


prospecting. Many parts of the continent: 








of Asia, Africa, America and Australi 
have been accurately mapped for th (4) She 
first time by aerial photography an _ the right 


sources of minerals, timber and water 
power assessed in places where prospectini 
on foot would be extremely difficult a 
time-consuming. An aerial camera 
record 100 square miles or more of ter 
tory at a time, and enormous areas ca 
be covered in very short time by flyin 
along parallel lines and taking series @ 
photographs, which can afterwards B 
overlapped to form extensive mosaic 
These show very fine detail and can B 
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(a) The operator picks a bunch of 
spools with both hands. 


hat similarly § 
the ground 
- $ize of film. 
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(6) She examines the spools held in 
the right hand, the left doing nothing. 
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(c) She tries the width between the 
flanges by means of a gauge. If it is 
too narrow the spool sticks; other- 
wise it runs into the tray. 
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(d) Rejected spools are picked up 
» and dropped into the waste bin. 


Fic. 6—MICRO-MOTION 

STUDY. THE OLD METHOD 

OF EXAMINATION, AS PHOTO- 
GRAPHED IN FIG. 5. 


with a 
From 
ed out. 


used for close surveys of the ground 
features. They have to be corrected for 
slight distortions and checked against 
master points determined by ground 
survey, but even so they very greatly 
reduce the work involved in mapping 
difficult country. Radar aids such as 
GEE are also adding their quota to the 
perfecting of the technique. 

The analysis of aerial photographs is 
often carried out by stereo examination: 
It is well known that if two photographs 
are taken of any object, one from the 
position of each eye, prints can be made 
from these which enable each eye to see 
its own view only, the total effect being 
to reproduce the object with an appear- 
ance of full relief. It is found that, if the 
two photographs are taken at positions 
farther apart than the distance between 
the eyes, the perspective can be greatly 
exaggerated. Thus two overlapping aerial 
views taken consecutively as the aircraft 
travels along a level course can be viewed 
in a Stereoscope to give an impression 
of high relief on the ground even when 
such relief cannot be seen by eye from the 
aircraft. For map-making, where the 
contour levels have to be plotted, special 
equipment, such as the Multiplex, has 
been designed to allow this to be carried 
cut conveniently and accurately. Dts- 
tortions in the material on which the 
prints are made will introduce errors and 
they may, therefore, be made on specially 
sensitised aluminium foil or foil-card, 
l.e., two layers of paper with metal foil 
laminated between. 

Stereo-photography is also used in 
normal record photography, for instance 
to record the depth of surface features 
which look quite flat in an ordinary 
photograph, or to show the relative 
positions of parts of complicated machines 
or wiring assemblies. The value of the 
technique has been minimised in the past 
by the difficulty of viewing the records, 
though single pictures with superimposed 
green and red images (known as anaglyphs) 
have enabled optical viewing systems to 
be discarded. Recently the “Vectograph 
process has simplified this still further by 
making use of two polarised images instead 
of coloured ones. Examples of *Vecto- 
vyraph prints and transparencies were 
shown at the exhibition, and there seems 
no reason why this method should not 
be used much more extensively in future 
for illustrating industrial and_ scientific 
reports, and for teaching purposes. 

The value of photography for teaching 
has been recognised for many years but it 
has not yet been employed widely by 
teachers for a variety of reasons, expense 
being one of the most obvious. The lantern 
slide, is one of the simplest of the visual 
aids to teaching and this has been used for 
many years. More recently the minature 
lantern slide, which is cheaper, has been 
introduced, followed by the film-strip. 
The latter consists essentially of a series ot 
miniature lantern slides printed along a 
strip of film. It can be produced cheaply 
but is a less flexible tool for the teacher. 
Where still pictures will not suffice, there 
is the silent motion picture, and to a 
limited extent, the sound film. The 
former is cheaper and more flexible than 


(a) Each hand picks up a spool trom 
a central tray. 


(c) They are gauged together by 

means of a double-sided gauge with 

a hole on each end to receive spools 
of correct size. 


(¢) Faulty spools are dropped into 
a third hole in front of the operator. 


FIG. 7.—MICRO-MOTION 

STUDY. THE NEW METHOD 

OF EXAMINATION ENABLES 

NEARLY TWICE THE NUMBER 

OF SPOOLS TO BE HANDLED 

BY UTILISING BOTH HANDS 
FULLY 
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FiG. 8a (/eft).- 
blades into their sockets in the rotor. Fic. 
black bands which indicate rises and falls in stress in much the same way as contour lines on a 
map show the lie of the land. 


the latter, which is rarely suitable for 
classroom use—but, on the other hand, 
vood sub-standard sound films are rela- 
tively inexpensive to hire and libraries are 
rapidly including more and more films 
which are of value for general educational 
purposes, as opposed to direct teaching. 
During the war the Services, and to a 
lesser extent industry, used  film-strips 
and films very widely to train operators 
quickly in specialised techniques. This 
will undoubtedly have its effect on 


-Photo-elastic analysis shows the stresses in 


8h (right). 


methods of teaching and training, especi- 
ally as it has produced firms who specialise 
in making such material and can under- 
stand properly the requirements of those 
using It. 

The other uses of photography covered 
in the exhibition are very numerous 
photo-elastic analysis for analysing stresses, 
the making of colour plates for printing, 
the control of quality of materials by 
spectrography, photomicrography, elec- 
tron diffraction, X-ray diffraction, X-ray 
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the teeth which hold jet-turbine 
The stresses in the teeth are shown as 


micrography and so on, to mention onl 
a few. Such applications are, howeve 
highly technical and cannot easily t 
described in the space available her 
Suffice it to say that some aspect of photc 
graphy seems to enter in to every corne 
of our lives, though few of us reali 
it. Food, drink, our clothes, our fue 
transport, 
other everyday things, all provide e 
amples of the essential uses of photograpt 
today. 


The Bookshelf 


Field Archaeology. By R. J. C. Atkinson. 
(Methuen, London, 1946: pp. 238, & 
plates, 87 text diagrams, 1I2s. 6d.) 

IN view of the post-war resumption of 
archaeological activities, the appearance 
of an up-to-date book on the technique of 
archaeological research and the publica- 
tion of its results is both opportune and 
desirable. In the introduction to this book. 
after outlining the history of archaeo- 
logical research in Britain, the author 
emphasises the importance of the modern 
geographical approach and the value of 
the contributions ‘of kindred sciences, 
including geochronology, petrology and 
aerial photography. 

The body of the book is in four parts, 
treating of the search for evidence, and its 
subsequent recording, interpretation, and 
publication. In Part I, the search tor 


evidence, the author begins with a detailed 
account of the scales of map most suitable 
for the various kinds of fieldwork, and 
stresses the importance of locating sites 
and finds by the new National Grid in 


preference to the pre-war method of giving 
latitudes and longitudes. He then de- 
scribes the assistance given by geological 
maps, aerial photography, and surveying, 
including probing and bosing, and above 
all the development of keen observation. 
His account of modern methods of 
excavation is based on his own experience 
combined with that of Bersu, the Cur- 
wens, Sir Cyril Fox, van Giffen, C. W. 
Phillips, the Piggotts and many others, 
and concludes with a most useful classified 
list of the best modern excavation reports. 

Part Il, the record of the evidence, 
embodies a detailed account of methods 
of surveying and of surveying instruments, 
and of recording the positions of in- 
dividual finds. The concluding sections 
on photography might be improved in a 
later edition by the insertion of a reference 
to stereoscopic photography. 

Part III, which deals with the interpre- 
tation of the evidence, stresses the need 
for a factual basis of interpretation, and 
the importance of avoiding inadequately 


supported theories. The author wis? 
draws attention to the influence of earth 
worms, as well as rabbits and moles, | 
disturbing the positions of finds in other 
wise undisturbed sections. 


people who made them. 

Part IV, concerned with the publicatio 
of archaeological reports, gives hints 0 
methodical presentation and _ concs 
phrasing, proof-correcting and the pr 
paration of line drawings. 

The work concludes with a glossal 
appendices on the cleaning and restorati 
of finds, treasure trove, and the use 
probes, bosers and other mechanic 
devices including mine-detectors as ak 
to research. , 

If all those engaged in archaeologic 
fieldwork and excavation were to stuc 
and consider the contents of this work, t! 
result would be a great improvement ! 
the standard of research and publicati0 

L. V. GRINSELL 
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Elementary Wave Mechanics. By W. 
Heitler. (Oxford University Press, 
London, 1945; pp. 136+ 36 diagrams: 
7s. 6d.) 

THIS book bridges most successfully the 

gap between the popular book which 

cannot give more than a mere indication 
of quantum physics and the standard 
textbook employing advanced mathe- 
matical methods. The book is meant to 
aid the physicist “‘who commands an 
elementary knowledge of calculus and 
classical physics”, but there can be little 

doubt that it will prove invaluable to a 

rather wider circle of readers. 

The author has succeeded in reducing 
the intricacies of the subject to a simple 
and extremely clear interpretation, and 
the treatment of subject matter is com- 
pletely logical. The book begins with a 
short discussion of the experimental basis 
of quantum mechanics, the particle- and 
wave-aspects and their reconciliation. 
Then Schroedinger's wave equation is 
derived and applied to the hydrogen 
atom. The interdependence of physical 
quantities 1s examined with regard to the 
uncertainty relation, and the Zeeman 
effect and electron spin are discussed. 
This is followed by the two-electron 
problem which introduces Pauli’s exclu- 
sion principle and the notion of ‘for- 
bidden’ states. Interaction between the 
two electrons 1s next considered, leading 
to the exchange phenomenon of which 
the helium atom is illustrative. From this 
a discussion of the general case of atoms 
with more than one_ electron follows 
logically, and this in turn leads to the 
wave-mechanics interpretation of the 
chemical bond and valency. 

MENDELSSOHN. 


The Nation’s Food. A Survey of Scientific 
Data. Edited by A. L. Bacharach and 
T. Rendle. (Society of Chemical 
Industry, 1946, pp. 349, 18s.) 

For the last eight years food has been 

much more in the conscious thoughts of 

most of us than ever before. Wartime 
restrictions, the possibility of starvation 
should the Nazis succeed in blockading 
this country all made us realise that our 
food, which those of us who were in a 
sufficiently favoured economic position, 
had come to take for granted, was in 
danger. The organisation of an adminis- 
trative machine as effective as the Ministry 
of Food proved to be, was an eye-opener 
to many of us. The success of the Ministry 
from the nutritional point of view was 
largely due to the wise adoption of scien- 
tific advice from a very early stage in its 
existence. The whole policy of the 

Ministry was built therefore on a sound 

Scientific foundation, One of the most 

important of the Ministry's activities was 

the nutritional propaganda which it pro- 
duced concerning the different types of 
food and different types of research which 
it stimulated. Many of the scientists who 
have contributed to The Nation's Food 
worked on problems concerned with the 
feeding of the British people during the 
war. Their work was published in official 


Memoranda and in various sciéntific ’ 


journals, and as such was not readily 
available to the average person. 





Seeking to pool the accumulated know- 
ledge of these experts, the Food Group 
of the Society for Chemical Industry 
arranged a series of seven meetings at 
which experts in the various fields of food 
technology and nutrition, read papers on 
their specialities. 

It is very much to the credit of the 
Food Group, and in particular to its 
Nutrition Panel, that they made the 
effort to collect and publish in book form 
the extremely valuable information pre- 
sented at those meetings. 

The editing of the book has been in the 
capable hands of A. L. Bacharach and 
T. Rendle, who have contributed an 
interesting preface which deals with the 
origin of the book and provides in addi- 
tion, some interesting information on the 
Society of Chemical Industry and its 
subsidiaries, the Food Group with its 
Nutrition Panel. The late Sir Joseph 
Barcroft, former Chairman of the Food 
Investigation Board, has an introduction 
written in the vein, which has become 
familiar to the many members of the 
Nutrition Society through his Chairman- 
ship of their meetings. 

It would be invidious to single out any 
particular subject for special comment 
when they are all so well written and 
documented, and it will be sufficient, 
therefore, to say that foods such as eggs, 
potatoes, vegetables, cereals, meat, fish 
and milk have been dealt with from the 
point of view of their chemical composi- 
tion, their nutritive value (protein, fat, 
carbohydrate, vitamins and minerals) and 
the effect on them of cooking and proces- 
sing. The book therefore provides all 
the information one needs for practical 
purposes concerning these different foods. 

Each chapter has a valuable biblio- 
graphy and there is a good workable 
index—a most important point—at the 
back of the book. 

There are only two points of criticism: 
one, which has already been anticipated 
by the authors in an editorial postcript, 
is that there are many items of the nation’s 
food which are not mentioned in the 
book, and the other is that 18s. seems a 
terrible lot of money to have to pay for a 
349-page book, even one that is so packed 
with useful information as The Nation‘s 
Food. As to the first point, the editors 
claim in their postcript that this deficiency 


will be made good in due course, and if 


the promised additions are as good 
those Messrs. Bacharach and Rendle have 
already presented, they will be something 
to look forward to. 
GEOFFREY BOURNE. 

Dating the Past. An Introduction to 

Geochronology. By Frederick E. 

Zeuner. (Methuen, London, 1946; pp. 

44, 24 plates, 30s.); 
ARCHAEOLOGISTS and geologists are very 
familiar with the question **How old is it?” 
for the age of a fossil or a stone axe often 
seems to be a matter of greater interest 
than the zoological or botanical relation- 
ships of the one or the circumstances in 
which the other was made. As shown 
by his articles in Discovery Professor 
Zeuner is an authority upon the subject 
dealt with in his new book Dating the 
Past. He gives a bibliography of about 
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650 books and pamphlets written in 
fifteen languages, and on the basis of them 
and of his own researches in many parts 
of Europe he surveys our present know- 
ledge of the time-scales that have been 
devised to enable us to determine the 
absolute ages of geological periods and 
of events in the prehistory of man. 

The subject is one of great complexity, 
but the author has managed to give a 
continuing thread to his narrative by 
reaching out from the known to the un- 
known—from methods involving limited 
periods of time commencing with the 
present, to those in which an_ under- 
standing of modern physical and chemical 
concepts plays an increasingly large part. 

The author discusses in some detail four 
methods of dating the past that now find 


favour. They are based upon counts of 


the growth of rings of trees and of the 
layers to be seen in certain clays laid down 
in the waters resulting from the melting 
of the ice towards the end of the last 
glaciation; upon studies of changes in 
solar radiation; and upon the observed 
rates of decomposition of radioactive 
minerals. 

The author describes his work as an 
attempt to ““combine the diverse methods 
of dating the past into one discipline, 
geochronology’. He adds that it is neces- 
sarily an inadequate attempt, but it is 
certainly a bold one, and regarded as a 
means to an end, a very successful one. 

F. J. NORTH. 


Pharmacognosy. By Dr. T. E. Wallis 
(London, Churchill, 1946; pp. 504, 213 
illustrations; 28s.) 

ALTHOUGH the use of synthetic drugs for 
the treatment of disease has attracted 
the main attention of recent workers in 
this branch of therapy. the appearance 
of another textbook of pharmacognosy 
reminds us that the modern physician's 
armamentary is still dependent for many 
of its weapons on natural or ‘crude 
drugs’ derived from the vegetable or 
animal kingdoms. Pharmacognosy is the 
science which deals with the history, pro- 
duction, structural, and chemical charac- 
ters and adulteration of crude drugs, and 
Dr. Wallis, who is an_ international 
authority in pharmacognosy, has dealt 
with his subject in an able manner. The 
drugs are classified in morphological 
groups (leaves, barks, seeds, etc.) and 
the general macroscopical and micro- 
scopical characters of each group are 
described, as well as the more specific 
details which are given for each drug. 
Many of the illustrations are original 
and greatly add to the usefulness of the 
book. The last chapter gives a very useful 
outline of the principles governing the 
commerce in, adulteration, deterioration, 
and storage of crude drugs. 

It is perhaps a little disappointing to 
find that ‘‘Quantitative Microscopy” or 
the estimation of quantities by means of 
microscopical measurements and counts, 
which is one of Dr. Wallis’ special contri- 
butions to pharmacognosy is so cursorily 
dealt with. The reader, however, is 
referred to his other book, Practical 
Pharmacognosy, for further details. 

J. W. FAIRBAIRN. 
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Manual of Botany. By M. E. Phillips and 
L. E. Cox. (University of London 
Press, 1946, vili+-384 pp., 317 figs. 
18s.) 

Two experienced teachers have co- 


operated to write a textbook on botany 
based on the’ Intermediate Science 
syllabus of the University of London. It 
is inevitable that the book should resemble 
others written around the same syllabus, 
but there are in it some differences tn the 
choice and presentation of material, which 
perhaps justify the addition of another 
book to the several well-known books 
on elementary botany. 

The information has been carefully 
selected and its usually set out clearly, 
though a number of points might well be 
reconsidered if a second edition becomes 
necessary; as one example, there seems 
little doubt that yew poisons by means of 
an alkaloid, and not by causing mechan- 
ical injury to the alimentary canal of an 
animal. Many of the illustrations are 
new, and on that account, welcome: some 
would have looked better if they had been 
reproduced on a larger scale, and some are 
of doubtful value: Figs. 63 and 69 are 
misleading, and Fig. 108 seems to be taken 
from an unfinished drawing. The intro- 
duction of personal names without an 
indication of the places where the original 
work can be found ts a feature of the book 
not to be commended. 
personal names distracts attention and 
adds neither to the profit nor to the 
pleasure of the reader. 
an elementary textbook feel that thes 
must refer by name to some cf those who 
have contributed to our 
botany, they should provide a chapter 
on the history of the subject to ensure that 
the names have a meaning and value. 

Students who use the Manual should 
gain from it a reasonable introduction to 
botany as a subject worthy of more 
detailed study, together with an impres- 
sion of the width of the subject. The 
inclusion in the book of information 
rather beyond the needs of an _ Inter- 
mediate student should help students to 
realise that syllabuses guide but do not 
dictate the lines of a course of study. Yet, 
it might have been better to have used 
the space occupied by this additional 
information for the fuller development 
of some parts of the book, 
those parts concerned with the physiology 
of plants. 
the book which read rather like notes in 
need of expansion could have been put 
into a more satisfying form. 


B. BARNES. 
The Chemical kinetics of the Bacterial 
Cell. By C. N. Hinshelwood. (Oxford 


1946, pp. 284, 20.) 
ALTHOUGH a Vast amount of research has 
been done on the kinetics of specific 
chemical reactions tew have been bold 
enough to have tried to apply the know- 
ledge gained to the interpretation of that 
highly complex interlocking 
reactions which we call life. 
Hinshelwood’s profound 
chemical kinetics equips him well to essay 
this stupendous task. This monograph 


University Press, 


Professor 


consists chiefly of a quantitative study of 


Such a use of 


If the authors of 


knowledge of 


In particular 


Had this been done, sections of 


system of 


knowledge of 


the way in which bacteria grow, repro- 
duce and adapt themselves to their 
environment. All this, particularly the 
adaptation of bacteria to drugs which 
normally inhibit their growth, is of great 
interest to both chemists and bacteriolo- 
vists and has important practical implica- 
tions in the treatment of bacterial infec- 
tions. Much of the experimental work 
described has been done by Professor 
Hinshelwood and his collaborators, but 
there are comprehensive references to 
papers published by other workers. 
Theoretical interpretations of the results 
are attempted in terms of general prin- 
ciples. Among the most interesting sections 
of the book are those, only too brief, in 
which the author speculates upon such 


fundamental problems as the destiny of 


life and the relationship between mind 
and matter. 


Theory. By 
ARAA:.: 
Tutorial 


Foundations of Chemical 
Charles Simpson, M.Sc., 
pp. 219--vin. University 
Press, 1947. Price 6s. 6d. net. 

IN this book the author has attempted. 

and with considerable success, to give a 


concise account of the main principles of 


required for the 
Higher School Certificate, Intermediate 
Science. pre-Medical and First M.B. 
examinations. It can serve also as a basis 


theoretical chemistry 


for the more advanced work required of 


university scholarships. 
been taken with 
cause difficulty 
The marked, 

towards 
important 
of the text. 


candidates for 
Particular care has 
points which commonly 
to both teacher and student. 
but not excessive, tendency 
historical treatment Is) an 
factor in the general clarity 


Fach chapter ends with a selection of 


relevant problems drawn from papers set 
by the examination boards enumerated 
above: answers to numerical questions are 
given at the end of the book. There are also 
a number of worked examples tn the text. 
The book is amply illustrated with line 
drawings, though the 
apparatus are sometimes not as clear as 
they might be owing to their small size 
and fine shading. 

The ground covered is_ sufficiently 
indicated by the scope of the examinations 
for which the book is intended to be a 
preparation. It may be remarked, how- 
ever, that treatment of the Phase Rule is 


rather fuller than is usual in a book of 


this kind. Electrolytic dissociation is 


discussed from the modern viewpoint of 


electrode potentials instead of on the 
basis of the theory of secondary reactions 
propounded by Arrhenius some. sixty 
vears ago, and long cherished by writers 
of elementary textbooks. 


An Introduction to Industrial Mycology. 
By George Smith (Arnold, London, 
3rd edition, 1946: pp. 271, 143 half-tone 
illustrations: 20s.) 

THE practical significance of the fungi has 

increased with remarkable rapidity during 

the past few decades. Formerly their 
main importance was in industries such 
as brewing, and wine and cheese making. 

where production was carried out in a 

large number of relatively small units. 

These small units had in general neither 


illustrations of 
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the resources nor the inclination to carry 
out research and relied chiefly on rule-of- 
thumb methods. To-day this situation 
is entirely changed. Research on the 
growth and metabolism of moulds has 
revolutionised existing industries and 
created new ones. Among the most 
important of these are those for the 
manufacture of alcohols, citric acid, 
glycerol, proteins, and vitamins. The old 
homestead cheese industry has to a large 
extent been replaced by one in which 
production is centred in a relatively few 
large factories. Within a few vears 
penicillin has changed from a scientific 
curiosity to the basis of an_ industry 
giving employment to thousands and 
representing a_ capital 
many millions of pounds. Other anti- 
biotics, notably gramicidin and strepto- 
mycin, are being produced industrially 
and there are undoubtedly more to 
follow. The colonisation of tropical 
regions and the wartime need to maintain 
large armies in them have led to major 
sroblems in the protection of all kinds 
of equipment from the attacks of moulds. 

These rapid changes have called for a 
working knowledge of moulds on the 
part of many, particularly chemists, who 
have had no botanical training. For these 
the ordinary systemic textbooks are both 
too specialised and too theoretical in their 
treatment. There long existed a need far 
a book suitable for the non-botanical 
reader which gives an account of those 
fungi which are of industrial significance 
and is essentially practical in its outlook. 
The first appearance of Mr. Smith's 
Introduction to Industrial Mycology in 
1938 therefore filled a large gap in the 
literature. That it has already reached its 
third edition is a fair indication of its 
excellence. 

The illustrations are among the most 
valuable features of the book. They con- 
sist. of nearly 150 photomicrographs 
illustrating the morphology of the fungi 
described. They are extremely clear and 
most helpful to the beginner. The first 
half of the book is devoted to descrip- 
tions of those genera and species which 
most commonly occur in _ industry, 
whether adventitiously or by intent, with 
particular reference to those of the 
greatest economic importance. Later 
chapters detail laboratory methods and 
are designed for those, and they are many, 
who can get no personal instruction and 
have to rely on books alone. Mr. Smith 
shows remarkable skill, derived no doubt 
from his own teaching experience, in 
anticipating the kinds of query the begin- 
ner is likely to ask. Each chapter con- 
luins a representative list of references to 
original literature. The book concludes 
with a useful guide to the literature of 
mycology and an adequate index. 

This book can be recommended 
without hesitation to all those whose 
work involves the handling of moulds. 
Though it is written primarily for the 
non-botanical reader who is_ strictly 
practical in his outlook the botanist too 
will find much valuable information 
which does not find its way into the 
ordinary textbook. 

TREVOR I. WILLIAMS. 
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Night Sky in July 

The Moon—Full moon occurs on July 
3d 10h 38m, U.T., and new moon on 
July 18d 04h 15m. The following con- 
junctions take place; 


July 
15d 05h Mars in con- 

junction with 

the moon, Mars 0O°9 S. 
26d O7h Jupiter Jupiter 0-2-S. 
In addition to these conjunctions with the 
moon, Mercury is in conjunction with 
Venus on July 22d O9h, Mercury being 
49 S. 

The Planets.—Mercury sets at 21th at 
the beginning of the month, that is, 40m 
after sunset, and is in inferior conjunction 
on July 14. At the end of July the planet 
rises at 3h, or about Ih 20m before sun- 


rise, and has then a stellar magnitude of 


1:0. Venus rises an hour before the sun on 
July 1 and 15, and 50m before the sun at 
the end of the month, and has a stellar 
magnitude of —3-3 for the greater portion 
of July. Mars rises at Ih 30m, Oh, and 
Oh 38m, at the beginning, middle and end 
of the month respectively and can be seen 
in the constellation of Taurus, fainter than 
a first magnitude star. Jupiter, in the con- 
stellation of Libra, can be seen during the 
earlier portion of the night, setting at 
Ih on July 1 and at 23h on July 31. The 
magnitude of the planet is nearly—2 
during the month, and his distance from 
the earth varies from 435 to 473 million 
miles between July | and 31. Saturn in 
the constellation of Cancer, is too close 
to the sun for favourable observation, 
except at the beginning of the month when 
the planet sets 1} hours after sunset. 

On July 5 the earth is at its greatest 
distance from the sun—just over 943 
million miles. 

Double summer time makes observa- 
tion of the heavenly bodies a little incon- 
venient for many, but there is one object 
that can be viewed in spite of this incon- 
venience, and that is the moon. Readers 
who possess a pair of binoculars or even 
a small pocket telescope can obtain quite 
interesting results by examing the moon's 
surface. From time to time in subsequent 
issues we hope to give certain details of 
the lunar features, but meanwhile it is 
necessary to point out that the best time 
to examine the moon's surface is when 
she is a thin crescent or at first quarter or 
three-quarters full. You will be = dis- 
appointed if you look at her through a 
telescope when she ts full, as there are 
practically no shadows then. The dividing 
line between the visible and invisible por- 
tion of her surface is Known as the ‘ter- 
minator’, and this part often presents very 
interesting features, mountains and crater 
walls standing out in bold relief and cast- 
ing shadows. Probably those who see the 
moon for the first time through a telescope 
will experience the joy and surprise of 
Galileo de Galilei when he saw her with 
his home-made telescope and realised 
that she was not perfectly smooth as the 
Aristotelians had taught, but was rugged 
and full of inequalities. Perhaps enough 


has been said to start some amateurs off 


on a study of the-moon and some assis- 
tance may be derived later by reproducing 
a few maps of the more interesting parts 
of her suface. 


Royal Society’s New Foreign Members 


THE following have been elected Foreign 
Members of the Royal Society: Dr. Exit 
JosePH CARTAN, Professor of Geometry 
in the University of Paris and member 
of the Académie de Sciences: Professor 
PAUL KARRER, Professor of Chemistry in 
the University of Zurich and Nobel 
prizeman, 1937, authority on the chemis- 
try of natural products, in_ particular 
cartenoids, carbohydrates and vitamins: 
Professor HAROLD CLAYTON UREY, Pro- 
fessor of Chemistry and Director of the 
Institute for Nuclear Studies, Chicago 
University. Nobel prizeman, 1934, dis- 
tinguished for his discovery of deuterium, 
tor his investigations into the separation 
and properties of isotopes and for the 
application of these discoveries in the 
development of methods for producing 
atomic energy: Dr. OJvIND WINGE, of the 
Carlsberg Laboratory, Copenhagen; dis- 
tinguished for his many fundamental 
contributions to the cyto-genetics of 
plants and animals. 


fodern Whaling 

THE 15,000-ton whaling-factory — ship, 
Balaena, which sailed for the Antarctic 
last October equipped with all the latest 
devices for spotting whales (Discovery, 
November 1946, p. 351) reached England 
last month. The catch yielded 185,000 
barrels of edible oil worth £2 million. 
The amphibian aircraft had proved very 
effective for spotting whales, which were 
clearly seen even from 10,000 feet. 


Death of Gowland Hopkins 

THE death occurred on May 16 of Sir 
Frederick Gowland Hopkins, O.M., 
F.R.S., pioneer of vitamin science, whose 
work on accessory food factors won him 
the Nobel Prize (which he shared with 
Eijkman) in 1929. A biographical article 
giving the highlights of his career ap- 


peared in Discovery, October 1943, 
pp. 298-300. 
Sir Thomas Henry’ Holland, F.R.S., 


died on May 15 at the age of 78. He was 
director of the Geological Survey of 
India from 1903 to 1909, returning to this 
country in the latter year to occupy the 
Chair of Geology at Manchester Uni- 
versity. In 1922 he succeeded Sir Alfred 
Keogh as Rector of Imperial College of 
Science and Technology, South Kensing- 
ton. For fifteen years (1929-44) he was 
Principal and Vice-Chancellor of Edin- 
burgh University. He was a past president 
of the British Association, Geological 
Society, Mineralogical Society and Geo- 
gyraphical Society, and a vice-president of 
the Royal Society. 


Jubilee of the Electron 

Fifty years ago, on April 30, 1897, Prot. 
J. J. Thomson (later Sir Joseph Thomson) 
made, at an evening discourse at the 


- Esperanto in 


Royal Institution in London, the first 
public announcement of the existence of 
the electron, and the first approximate 
estimate of its mass. 

The Institute of Physics and the Physical 
Society, in collaboration with the Institu- 
tion of Electrical Engineers, is arranging 
to mark this Jubilee by a series of lectures 
and other functions in London on 
September 25 and 26. An exhibition 
demonstrating the great influence this 
discovery in pure physics has had on the 
life of the community will be opened at 
the Science Museum, London, on Sep- 
tember 26 and will remain open for about 
three months. 


Esperantist Scientific Association 

A NEW society, The British Esperantist 
Scientific Association, has been formed to 
promote the practical application of 
in science and technology. 
The president is Dr. J. C. Flugel. Anyone 
interested should write to the hon secre- 
tary, E. D. Durrant, 18, Romeyn Road, 
London, S.W.16. 


National Certificates in Applied Physics 
THE Institute of Physics (47 Belgrave 
Square, London, S.W.1) have just pub- 
lished an interesting booklet, the purpose 
of which is to make clear to students and 
to those employers and senior executives 
who are concerned with the training 
of junior scientific staff in industry, the 
purpose, scope and value of the courses 
leading to the award of National Cer- 
tificates in Applied Physics. Copies are 
being widely distributed in Colleges and 
in industry, and may also be obtained, 
gratis, from the Institute. 

Director of Commonwealth Scientific 
Office 


Dr. F. N. WOODWARD has been lent to the 
Department of Scientific and Industrial 
Research for appointment as director of 
the United Kingdom Scientific Mission 
in the British Commonwealth Scientific 
Office in Washington. The present 
director, Dr. Alexander King, is shortly 
returning to Britain to take up an official 
appointment. Dr. Woodward is at 
present director of the Scottish Seaweed 
Research Association, and during the 
war was on the scientific staffs of the 
Ministries of Supply and Production. 

Dr. Woodward will also act as scientific 
attaché to the British Embassy in Wash- 
ington. 


N. Ireland and Scientific Development 


A SCIENTIFIC Development Branch, to 
assist industries in Northern Ireland with 
scientific and technical problems, has been 
formed by the Northern Ireland Ministry 
of Commerce. The new branch will 
establish and maintain close contact with 
Universities, the Department of Scientific 
and Industrial Research, Research Associ- 
ations and similar bodies both tn Britain 
and overseas. The Director of the new 
Branch is Mr. A. J. Howard, M:S., 
A.R.1.C., recently Director of Canning 
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at the Ministry of Food. The address of 
the new Branch is 20, College Gardens, 
Belfast. 


Minister of Supply’s Advisory Council 
THE Ministry of Supply announces the 
following appointments to the Minister's 
Advisory Council on Scientific Research 
and Technical Development: PROFESSOR 
WesLey Austin, Goldsmith's — of 
Metallurgy in the University Cam- 
bridge; Proressor W. E. Cu My ERS. 
Professor of Physics at King’s College: 
Newcastle: LorD HANKEY, F.R.S.: PRro- 
FESSOR WILLIS JACKSON, Professor of 
Electrical Engineering at the Imperial 
College of Science and Technology: PRo- 
FESSOR E. K. Ripeat, F.R.S., Fullerian 
Professor of Chemistry at the Royal 
Institution: Mr. S. Rosson, of the Im- 
perial Smelting Corporation. 

Chairman of the Advisory Council 
now Professor Sir John Lennard-Jones. 


History of Science Society 


AFTER the usual constitutional prelimin- 
aries, the British Society for the History 
of Science has now held its first annual 
general meeting, elected its officers, and 


embarked on its first year’s work. The 


office bearers, elected at a meeting held 
in London on May 5, are: President, 
Dr. Charles Singer: vice-presidents, Pro- 
fessor H. Dingle, Sir Arthur McNalty, 
Mrs. Charles Singer, Dr. F. Sherwood 
Taylor, Dr. E. J. Holmyard, Protessor 
J. R. Partington: Aon. secretary, Mr. 
F. H. C. Butler; Aon. treasurer, Mr. H. W. 
Robinson. Members of the Council are 
Dr. H. P. Bayon, Protessor G. R. de Beer, 
Mr. C. Bromehead, Mr. J. G. Crowther, 
Dr. Dorothy Feyer, Dr. S. Lilley, Dr. 
D. McKie, Mr. H. T. Pledge, Dr. H. 
Shaw, Dr. H. Hamshaw Thomas, Sir 
Henry Thomas, Dr. E. Ashworth Under- 
wood. 

The objects of the Society are stated 
in the constitution to be “to further the 
study of the History of Science’, by 
meetings for the reading and discussion 
of papers, by facilitating the publication 
of relevant material, by co-operation with 
other interested bodies, and by any other 
means that the Council of the Society 
may consider desirable. It is planned to 
hold four ordinary meetings in the coming 
year. At three of these, papers will be 
read, while the fourth will be devoted to 
a discussion on some_ controversial 
subject: details will be announced later. 

No formal qualifications are required 
for membership. Further information 
may be obtained from the Hon. Secretary 
whose address is: Ravensmead, Keston, 
Kent. 


Bicentenary of Chemistry at Glasgow 

Two hundred years ago chemistry 
teaching was started at Glasgow Univer- 
sity by Dr. William Cullen. During last 
month this bicentenary was celebrated by 
the University’s chemistry department, a 
series of commemorative lectures being 
delivered. These lectures, together with 
articles describing the personalities, pro- 
blems and achievements of those who 
launched the department, are being edited 


by Dr. Andrew Kent and will be published 
shortly. 


Czech Science Films 

THE Scientific Film Association welcomed 
members of the Czech Film Festival 
Delegation at a showing of Czech educa- 
tional films in London on May 8. Mr. 
Basil Wright, President of the Association, 
welcomed the delegates and emphasised 
the importance of close international 
relations in the use of scientific film and 
filmstrip. He hoped that members of the 
Association would be able once again to 
exchange points of view at the inaugural 
congress of the International Scientific 
Film Association, to be held in Paris 
during October. 

Dr. Hejny, Czech psychologist, educa- 
tionalist and producer for Czechoslovakia’s 
educational film programme, said that 
his country, like Britain, considered 
the film to be a medium not only 
for the expression of sentiments and 
ideas, but also for conveying to the 
spectator first-hand knowledge of scien- 
tific data. Dr. Heyny emphasised the use 
of film in the education of the child, for 
the childish imagination ts always stimu- 
lated more sensibly and accurately by 
seeing, rather than by hearing. The 
literary clutter of detailed description and 
analogy is removed, leaving the filmic 
essentials free to stimulate the pupil's 
imagination. To illustrate this point, he 
showed a film which attempted to explain 
diagrammatically the process involved in 
the sensory perception of the child in 
reading and counting. The diagrams 
showed clearly the differences involved in 
the two processes, and the confusion 
which often arises in the child’s mind 
when dealing with numbers. 

Two mathematical films on the parabola 
and the ellipse were then shown. A film 
on the crayfish and another, on the silk- 
worm, exhibited with remarkable clarity 
the value of films in teaching natural 
history. 

Magnetic Fields of Rotating Bodies 

ON May 15 at the Royal Society Professor 
P. M. S. Blackett read a very important 
paper on ““The Magnetic Field of massive 
rotating bodies’, in which he derived a 
formula relating mass, radius and rota- 
tional velocity with magnetic field. This 
formula fits the observed facts for three 
bodies, the earth, the sun and a Star, 
78 Virginis, the only star whose magnetic 
field has been measured. This paper, in 
which Professor Blackett develops the 
hypothesis (put forward by Schuster as 
early as 1891) that every large rotating 
body is a magnet, has been published in 
Nature (May 17). A note on the subject 
will appear in “Progress of Science” next 
month. 


Radar for Soviet Railways 

THE use of radio-location devices for 
railway engine drivers is being developed 
in the Soviet Union, te facilitate driving 
at night and in fog, reports Soviet News. 
The installations will show the driver how 
far he is behind the train in front, and 
will also indicate any dangerous condition 
of the permanent way. 
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Young Chemists needed for Atomic 


Energy Factory 


A TRAINING SCHOOL for boys and girls of 
fifteen years and over is to be opened in 
August by the Ministry of Supply at the 
Government Atomic Energy Factory at 
Springfields, near Preston, Lancs. The 
training school will give boys and girls, 
who have studied chemistry at school, a 
three months’ course in the chemical 
methods to be used at the factory. On the 
successful completion of the course 
students will be given appointments on 
the factory staff. The first course is due 
to begin in August. 

Springfields will be used for the manu- 
facture of uranium metal. The processes | 
to be carried out there will consist of the 
refining of pitchblende concentrates, 
reduction to metal and the machining and 
finishing of uranium metal rods which will 
be sent elsewhere for insertion in a chain- 
reacting pile. This programme involves 
a great deal of chemical analysis, especi- 
ally in connexion with the examination of 
raw materials and finished products to 
be used in the atomic piles, and a great 
deal of valuable assistance can be given 
by young persons if they are properly 
trained and work under expert super- 
vision. 

The young assistants will be encouraged 
to take courses in fundamental science and 
subjects designed to qualify them for the 
more responsible duties of the assistant 
class or for promotion to the experimental 
officer class. Permanent appointments will 
eventually be filled by open competition. 

Salaries will start at £140 a year at the 
age of 15, rising to £276 for men and 
£257 10s. for women by the age of 26. 
A hostel will be available for those who 
have to live away from home. 

Itis anticipated that about forty students. 
will attend each of the two courses to be 
held this vear. Further details can be 
obtained from the Press Office, Ministry 
of Supply. Shell Mex House, Strand, 
London, W.C.2; or from the _ local 
Juvenile Employment Officer, Ministry of 
Labour. 


Personal Notes 


THE Royal Astronomical Society’s gold 
medal has been awarded to PROFESSOR 
M. G. J. MINNAERT, of Utrecht, for his 
outstanding contributions to solar physics 
in general and solar spectrophotometry 
in particular. 

SiR ROBERT WATSON-WATT has relin- 
quished the full-time appointments which 
he held as Vice-Controller of Communica- 
tions Equipment under the Ministry of 
Aircraft Production and Scientific Adviser 
on Telecommunications under the Air 
Ministry. 

Sir Robert is taking up private work, 
but he will also continue to devote part 
of his time to consultant work for the 
Government, and will act as Scientific 
Adviser on telecommunications to the 
Ministry of Supply, Air Ministry, Minis- 
try of Civil Aviation and Ministry of 
Transport. 

SIR ROBERT ROBINSON, President of the 
Royal Society, and Dr. ENRICO FERMI 
have been awarded the Franklin Medal 
for 1947. 
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